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The  numerous  publications  in  physiological  chemistry  which  hav< 
appeared  since  the  publication  of  the  last  edition  of  this  work,  and  th< 
suggestion  of  new  methods  of  work,  have  necessitated  a  thorough  revisioi 
of  most  of  the  chapters.  As  stated  in  the  preface  to  the  second  edition 
this  work  is  not  intended  as  a  complete  handbook,  but  only  as  a  rathei 
short  text-book;  it  was  my  desire  in  this  revision  to  prevent  a  too  greal 
increase  in  the  size  of  the  book.  In  order  to  accomplish  this  I  have 
eliminated  in  part  certain  older,  superfluous,  or  at  present  untenable 
statements,  and  in  certain  instances  I  have  treated  the  chemical  methods 
of  work  less  fully  than  in  the  other  editions.  This  is  true  only  foi 
those  methods  which  are  not  important  for  the  physician  and  student  oi 
those  which  require  a  lengthy  detailed  description  and  which  can  be  founc 
in  complete  works  on  chemical  analysis  or  in  the  original  publications 
In  other  regards  the  plan  of  the  book  is  the  same  as  in  the  previous  editions 

Dr.  S.  Schmidt-Nielsen  has  kindly  prepared  the  index. 

Olof  Hammarsten. 
Upbala,  March  17,  1904. 
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As  physiological  chemistry  has  made  such  rapid  advances  during  the 
last  five  years,  and  as  the  literature  of  the  subject  is  becoming  more  and 
more  specialized,  I  feel  confident  that  the  American  student  will  be  glad 
to  receive  the  present  edition,  and  I  hope  it  will  be  of  material  aid  in  the 
advancement  of  the  subject.  The  author's  addenda  have  been  incorpo- 
rated into  the  text. 

I  am  under  obligations  to  Dr.  Holmes  C.  Jackson  for  much  assistance 

in  proof  revision. 

John  A.  Mandel. 
New  York,  October,  1904. 
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INTRODUCTION. 


I 


It  follows  from  the  law  of  the  conservation  of  matter  and  of  energy  that 

livim  plants  and  animals,  can  produce  neither  new  matter  nor  new 

energy.     They  an*  only  railed  upon  to  appropriate  and  assimilate  already 

'  material  and  to  transform  it  into  new  forms  of  energy. 

(hit  of  a  few  relativrl    rimp]fi  combinations,  especially  carbon  dioxide 

and  water,  together  with   ammoninm   compounds  or  nitrates,  and  a  few 

mineral  £8,    whi'-U   serve  as   its   food,   the  plant  builds  up   the 

extremely  complicated  constituents  of  its  organism,  proteids,  carbodyd rales, 

fats,  resins,  organic  adds,  Bto.     The  chemical  work  which  is  performed  in 

'ant  must  therefore,  in  the  majority  of  cases,  consist  in  syntheses;  but 

■Jiese,  processes  of  reduction   take  place  to  a  great  extent.     The 

radiant  energy  of  the  sunlight  induces  the  green  parts  of  the  plant  to  split 

off  ow  gen  from  t  lie  carbon  dioxide  and  water,  and  this  FBdQGl  h  m  ta  generally 

lered  as  the  starting-point  of  the  following  syntheses.     In   the  first 

place   formaldehyde  is  produced,  00j+H,O  =  CH,O  +  0,,   which   then  by 

mn   is  transformed    into    sugar,    and    this    then  serves    in   the 

structure  r  bodies.     The  energy  of  the  sun,  which  produces  this 

Splitting,   is   not  lost;    it   is  only  transformed  and  is   stored    as    chen 

energy  in  the  new  compounds  produced  in  the  synthesis. 

These  conditions  are  not  the  same  in  animals.     They  are  dependent 

.  as  the  herbivora,  or  indirectly,  as  the  carnivore,  upon  plant- 

Erom   Which    ;  TO   the   three  chief  groups  of  organic  nutritive 

matter — proteins,   carbohyd rates,  and    fata.     These  bodies,  of  which  the 

form  the  chief  mass  of  the  animal  body,  undergo 

im.i!  organism  :t  cleavage  and  oxidation,  and  yield  as  final 

exactly  the  above-mentioned  chief  components  of  the  nutrition  <>f 

plants,  namely,  carbon  dioxide,  water,  and  ammonia  derivatives,  which  are 
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rich  in  oxygen  and  have  little  energy.  The  chemical  energy,  which  is 
partly  represented  by  the  free  ox\gen  ami  partly  stored  up  in  the  above- 
mentioned  mure  complex  chemical  compounds,  is  transformed  into  other 
forma  of  energy,  namely,  heat  and  mechanica    work.     While  in  the  plant 

find  chiefly  reduction   processes  and  syntheses,  which   by  the  introduc- 
tion of  energy  from  uiihoiit  produce  complex  compounds  having  a  greater 
content  of  energy,  we  find  in  the  animal  body  the  reverse  of  this,  namely 
cleavage   and  oxidation  processes,  which,  as  we  used    to  state,   convert 
chemical  tension  into  living  fore. 

This  difference  between  animals  and  plants  mast  not  be  overrated,  nor 
must  we  consider  that  there  exists  a  sharp  boundary-line  between  the  two. 
This  Is  not  the  case.  There  are  not  only  lower  plants,  free  from  chloro- 
phyll, which  in  regard  to  chemical  processes  represent  intermedial- 
between  higher  plants  and  animals,  but  the  difference,  existing  between  the 
higher  plants  and  animals  is  more  of  a  quantitative  than  a  qualitative  kind. 
l'lants  roqniv  en  as  peremptorily  as  do  animals      Like  the  animal,  the 

plant  also,  in  the  dark  and  by  means  of  those  parts  which  are  free  from 
i  hloTophyll,  takes  up  oxygen  and  eliminates  carUm  dioxide,  while  in  the 
light  the  oxidation  processes  going  08  in  the  green  parts  are  overshadowed 
or  hidden  beneath  the  more  intense  reduction  processes.  Like  the  animal 
0  find  a  heat  production  in  fermentation  prr.Mluced  by  plant  organisms  ■ 
and  BV6S  in  a  few  y>\  the  higher  plants — as  the  uroidta  when  bearing 
Ehlit — a  considerable  development  of  heat  has  been  observed.  The  reverse 
is  found  in  the  animal  organism,  for,  besides  oxidation  and  splitting,  reduc- 
tion process.'  place.  The  contrast  which  seemingly 
between  animals  and  plants  consists  merely  in  that  in  the  animal 
organism  the  processes  of  oxidation  and  splitting  are  prevalent,  while  in  th< 
plant  chiefly  those  of  reduction  and  Byntheata  have  thus  far  been  observed. 

Wuiii.ii:1     iii     1821     furnished      the     first     example    of    BTNTHBTICAL 

s  within  the  animal  organism.      He  showed  that  when  Imiizoic  acid 

is  introduced  into  the  stomach  it  reappears  as  hippurie  acid  in  the  urine, 

al't.'t  it  combines  with  give  io  acid).      Sinn    thi    discovery 

of  tins  synthesis,  which  may  be  expi  .  the  following  equation: 

CVH..000H  |  MlJ.ciI,.(\)OH  =  NH(C8H5.«  C00H  +  H,O, 

BmiKijC  «rii|  DOofl  Hi|i|>tinr  »o.l 

and  which  is  ordinarily  considered  Bfl  B  type  of  an  eutirp  series  of  syuthf 
occurring  in  the  body  where  raft X  ■  eliminated,  the  number  of  known 
eses  in   the   animal   Hngdom    has   increased  considerably.      Many    oj 
these  syntheses  have  also  been  artificially  produced  outside  of  the  organism 
and  numerous  examples  of  animal  syntheses  of  whirl,  the  course  is  abs 
lutely  clear  will  be  found  in  the  follow  i  lesides  these  well-stud  ic 


ANIMAL  OXIDATIONS.  3 

ijrsthoes,  there  occur  in  the  animal  body  also  similar  processes  unqucsti.in- 
ably  of  the  greatest  importance  to  animal  life,  but  of  which  we  know 
nothing  with  |H>sitiveness.  We  {'numerate  as  examples  of  this  kind  of 
synthesis  the  re-formation  of  the  red-blood  pigment  (the  haemoglobin),  the 
formation  of  the  different  proteids  from  simpler  substances  and  the  produc- 
tion of  fat  from  carbohydrates.  This  last-mcutioncd  prill <■■!.  the  formation 
of  fat  from  carbohydrates,  is  also  an  example  of  reduction  processes  winch 
occur  to  a  considerable  extent  in  the  animal  body. 

marly  the  view  was  generally  accepted  that  animal  oxidation  took 
place  in  the  fluids,  while  to-day  we  are  of  the  opinion,  derived  from  the 
investigations  of  I'fiagek  and  h\<  pupil-., '  that  it  is  connected  with 
form-elements  and  tin  The  question  how   this  oxidation   in   the 

form-elements  proceeds  and  how  it  is  induced  cannot  l>e  answered  with 
certainty. 

When  a  body  is  oxidized  by  neutral  oxygen  at  ordinary  temperature  or 
at  the  temperature  of  the  body,  the  body  is  railed  easily  oxidized  OK  BUto- 
oxidized  and  the  process  is  considered  as  a  direct  oxidation  or  autooxidation. 
As  tJi-  ir,  and  that  of  the  blood,  b  neutral,  molecular 

lie  old  assumption  that  ozone  OCCUtS  in  the  organism  has  now  been 
discarded  for  reasons.     On  the  other  hand  the  chief  groups  of 

organic  mil  carbohydrates,  fat,  and  protci.l- .  {be  last  two  farming 

the  chief  mass  of  the  animal  body,  arc  not  autooxidizable  substances.     They 
are  on  the  contrary   bradoxidizable  (Traube)  or  dysoxidizable  b< 
They  are  nearly  indifferent  to  neutral  oxygen,  and  it  is  therefore  a  question 
how  an  oxidai  ese  and  other  dysoxidizable  bodies  is  possible  in  the 

animal  body. 

la  explanation  it  is  very  generally  admitted  that  the  oxygen  is  made 
active  and  this  causes  a  secondary-  oxidation.     It  is  generally  conceded  that 

d  takes  place.  The  auto&tid  i 
able  substance  splits  the  oxygen  molecule  and  combines  with  one  of  the 
while  the  other  free  atom  as  active  oxygen  may  oxidize  the 
o  .-I;  pii  sent.  Such  a  subordinate  oxi- 
dation is  called  an  indirect  or  secondary  oxidation.  The  explanation  of 
■nana!  oxidations  has  been  attempted  in  different  ways  by  the  supposition 
that  the  oxygen  is  made  active  and  thus  produces  secondary  oxidation. 

The  cause  of  the  animal  oxidation   Is   considered,   by   Pfliger  and 

several  other  investigators,  to  be  depended  npon  the  special  constitute 

the  protoplasmic   proteids   or   the    living   protoplasmic   substance.    This 

ttor  calls  the  proteids  outside  of  the  organism,  or  those  which 

ii  th.    animal  fluids,  "non-living  proteids,"  or  at  least  somewhat 

different   from   those   occurring   in   living  protoplasm — "living  proteids" 

•  Pflugar,   Pfluger'fi  Arehiv.  G  and  10,    tinkler,  ibid.,  10  and  14;  Oertman,  ibid., 
14  and  IS;  Hoppe-Seyler,  ibid.,  7. 
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(Pfluger),  "active  protcids"  fLonw),  or  "biogens"  (Verwobn).  The 
living  protoplasmic  molecule  differs  from  the  ordinary  non-living  proteid  by 
being  more  unstable  and  therefore  having  a  greater  inclination  toward* 
intramolecular  changes  of  the  atoms.  The  reason  for  these  greater  intra- 
molecular movements  PflCoxr  ascribes  to  the  presence  of  cyanogen,  and 
Latham  attributes  it  to  the  presence  of  a  chain  of  cv  a  rial  mho  Is  in  the 
proteid  molecule.  Verworn,1  on  the  contrary,  claims  an  intramolecular 
introduction  of  oxygen  into  a  large  hypothetical  protoplasmic  molecule 
the  "biogen  molecule,*'  which,  as  UXygttU  receptor  or  translator  of  a  nitrogen 
or  iron  compound,  con  mi  i  dation  material  a  side  chain  constructed 

like  the  carbohydrates  with  aldehydic  character. 

According  to  LoBW,1  who  bases  his  claim  upon  special  investigations 
and  numerous  toxicological  observations,  the  unstability  of  the  active 
proteid  molecule  is  due  to  the  simultaneous  presence  of  aldehyde-  and 
unstable  amino-moup.-.  These  occur  separated  from  each  other  in  the 
acti  tids,  ud  when  they  combine  the  protoplasm  die--,  the  Budeoilte 

being  changed  into  a  stable  condition,  i.e..  into  dead  proteid.  It  is  also  a  fart 
that  all  substances  which  react  with  aldehyde-  and  unstable  amino-groups 
are  poisonous  to  the  living  cell 

Ix>ew  has  also,  in  conjunction  with  BOSOSNT,  shown  that  in  many 
plants  a  very  unstable  reserve-protein  substance  occurs,  which  to  a  certain 
exte;,!  occupies  an  intermediate  position  between  proteid   and   organized 
nee. 

The  explanation  as  to  the  oxidation  process  is  entirely  different  accord- 
ing to  our  conception  of  the  structure  of  the  unstable  protoplasmic  mole- 
cule. If  the  living  protoplasmic  proteid  is  not,  like  proteid  in  the  ordinary 
sense,  indifferent  to  neutral  oxygen,  we  can  admit  of  a  cleavage  of  the 
oxygen  molecule  by  this  change.  The  proteid  would  be  oxidised  itself, 
while  on  the  other  band  a  secondary  oxidation  of  other  difficultly  oxidiz- 
able  suMances  could  \»-  brought  about  by  the  oxygen  atoms  set  free. 

Another  very  widely  diffused  view  exists  in  regard  to  the  origin  of  the 
activity  of  the  oxygen,  namely,  that  by  the  decomposition  processes  in  the 
tissues,  reducing  substances  are  formed  which  split  the  neutral  oxygen 
molecule,  uniting  with  one  oxygen  atom  and  Betting  the  other  free. 

The  formation  of  reducing  substances  during  fermentation  and  putre- 
faction Is  generally  known.  The  butyric  fermentation  of  dextrose  in  which 
hydrogen  is  set  free  —  CeH„00  =  riH.O..-t-2(.,O,  +  2IIj —  SB  an  example  of 
this  kind.  Another  example  i^  the  appearance  of  nitrates  in  consequence 
of  an  oxidation  of  nitrogen  in  cases  of  putrefaction,  which  process  is  ordi- 

1Httger,  MOgBr'e  Arehiv,  10;  Latham,  Brit.  Med.  Journal.  1886;  Verworn, 
"Dip  ttiogenhypothes©.'*  Jena,  1903 

1 1.oerr  and  Bokomy,  PfluRer's  Arehiv.  2."»;  O.  Loew,  ibid.,  90%  and  specially 
O.  Locw,  "The  Energy  of  Living  Protoplasm,"  London,  1896. 
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nirily  explained  by  the  statement  that  ,  easily  oxidizable  bodies 

ire  formed  which  split  oxygen  molecules,  liberating  oxygen  atoms  which 
afterward  oxidize  the  nitrogen.  It  is  assumed  also  that  the  cells  <>! 
animal  tissues  and  organs  have  the  property  like  these  lower  organisms, 
whjrh  produce  fermentation  and  putrefaction,  of  i tatttUQg  splitting  processes 
in  which  easily  oxidizable  substances,  perhaps  also  nascent  hydrogen 
(Hoppe-Sm  i.ut '),  are  pmduecd. 

In  ao  with  what  has  been  stated  above  on  the  oxidations  of 

the  animal  body,  primarily  a  cleavage  of  the  organic  constituents  of  the 
My  takes  place  with  the  formation  of  readily  oxidizable  substances. 
The  oxidation  of  these  latter  produces  an  activation  of  the  oxygen  end 
henre  may  also  cause  a  secondary  oxidation  of  dyroritfiafate  substances. 
The  products  formed  splittings  and  <»xi«lat i< «ns  may  perhaps  in 

part  be  burned  within  the  body  without   undergoing  further  cleavage,  but 
more  probably  they  must  first  undergo  a  further  otaSYflge  and  then  succumb 
to  consecutive  oxidation,  until  after  repeated  cleavage  and  oxidation 
final  products  of  metafaoHBdi  era  Eon 

An  activation  of  the  oxygen  may  be  produced  according  to  0,  Name'  by  a 
nf  the  ~i  "t"  tin-  protoplasm  with  the  splitting  off  of 

molecules  of  water.     If  benzaldehyde  is  sh  h  water  and  air,  an  oxidation 

of  lb  .  lehyde  into  ben  I  taken  place,  while  oxidizable  subst:* 

pre»nt  at  the  same  time  may  also  be  oxidised.  The  simultaneous  pra—BOB  oi  i  - 
u«iii  •  incture  <>i"  guaiaeum  causes  a  blue  coloration  because 

.yl  (OH)  lakes  the  place  of  the  hydrogen  in  the  nldehydo-groupj  and 
two  hydrogen  atoms,  one  derived  be  aldehyde  and  me  other  from 

:  a  tion on  the  molecular  oxygen.    Nasbb  and  ROm 
have  ubo  found  that  certain  varieties  of  proteid  have  the  property  of  being 
the  presence  of  water.       *  Nassk  a  whole 

1  imal   body  may  be  accounted  for  by  the  oxygen  atoms  set 
tnt  in  the  hydrox]  imilai   to  that  of  1  nyde.     Ii  on  to 

remark  that  the  oxidation  "f  bentaldehyde  t"  ben 
mar  also  i  in  other  ways,  thus  by  the  intermediary  formation  oi  a  per- 

ne  Bakyek  and  Yiu.iof.r;    Bhoxjeb  and  W rKXBB&KBS  '). 

.-rititafive   methods    \\n'i    BOOT    and    his    pupils'   have  shown 

that  molecular  oxygen  can  be  divided  in  two  ports  by  certain  autooxida- 

arocesses.    One  of  these  unites  with  the  autoaxidiser  and  the  other 

mmdtaneously  present  bul  not  directly  oxidizable,  which,  ac- 

cordir,  suggestion  (i  I  i:,*  is  called  the  acceptor,     van 't  11m  1 

'P  rchiv.  12.       . 

»0.  Naaac,  Rostoeker  Zeitung,  Xo  534,  1891,  and  No.  868,  IS95. 
'EL  RcV  on  von  Eiweiae  ia  Gegenwart  von 

ScbwefeL  i  assert.     Rostock,  1801. 

*  Bscyer  and  Yflliger,  Ber.  d.  d.  chem.  Gesellsch.,  33;    Engler  and  WeLsabcrg, 
ibid.,  S3. 

*  van't  Iloff,  Zeitschr.  f   phyaikal.  Chem.,  16;  Jorissen,  Ber.  d.  d.  chem.  Gesellsch., 
>.  and  ZtitAchr.  f.  physikal.  Chem.,  22;    Ewan.,  ibid.,  16. 

t   d.  d.  chem.  Gesellsch.,  33. 
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claims  that  the  oxygen  molecule  dissociates  at  ordinary  temperatures  into 
minimum  quantities  of  positively  and  negatively  charged  oxygen  atoms, 
the   ions   of   similar   charge   uniting    with   the   autooxidizable  substance, 

le  the  remaining  ions  oxidize  the  acceptor.  Such  a  division  of  the 
oxygen  into  two  halves  lias  also  l>een  shown  by  other  investigators  such 
as  Manvhot,  Engler,  and  his  collalyoratora.1  These  investigators  never- 
theless consider  that  autooxidation  takes  place  in  another  way,  namely,  by 
the  formation  first  of  peroxides    by  the  taking  up  of  oxygen  molecules. 

Trait  kk  a  has  also  expressed  a  similar  view.  According  to  him,  in 
autooxidation  we  have  to  deal  in  the  first  place,  not  with  a  cleavage  of  the 

.on,  but  with  a  splitting  of  water  in  which  the  hydroxyl  groups  of  the 
water  combine  with  the  oxidizable  substance,  while  the  hydrogen  atoms 
set  free  on  the  deooi&poeitfon  of  the  water  unites  with  the  neutral  oxygen, 
forming  hydrogen  peroxide,  which  may  naturally  also  have  an  oxidizing 
action. 

A+HjO+Oj-.MOH^+H.O,. 

According  to  the  view  of  ENGLEn  and  his  collaborators,  which  corre- 
sponds in  great  measure  with  those  of  I'm  n  and  of  Manchot,8  at  least  in 
tin-  simplest  cases  ("direct  am.  n :.\i.l.ition"  ac-cnrding  to  Engler)  the 
oxygen  BUlefl  Unite  with  the  activating  body  (A),  forming  a  peroxide- 

like substance  which  can  give  up  one  of  the  two  oxygen  atoms  to  an  accep- 
tor (H): 

A  +  03=A03    and    AOa+B~AO+BO. 

If  this  is  so,  still  we  do  not  know  to  what  extent  such  peroxides  are 
formed  in  the  oxidation  in  the  living  cell.  The  possibility  of  a  production 
of  peroxides,  or  also  hydrogen  peroxide,  in  animal  oxidation  is  still  gener- 
•illv  idmitted,  and  Chodat  and  Bach*  have  indeed  been  able  to  show  a 
peroxide  formation  in  plants.  Still,  if  hydrogen  peroxide  were  formed 
in  such  oxidations  it  would  have  no  further  physiological  importance, 
according  to  Loew,  because  the  animal  and  plant  cells  contain  special 
enzymes,  called  by  him  pgtofaff,  which  quickly  decompose  the  hydrogen 
peroxide  with  the  production  of  molecular  oxygen.  According  to  Loew  • 
•  i  phg  iologieal  importance  of  the  eatalases  is  to  protect  the  cell  from 
hydrogen  peroxide,  winch  acts  as  a  protoplasmic  pokon. 

uichot,  Cber  foiwflUga  "\ydation,  Leipzig,  1909;  Engler  and  Weiasberg, 
Ber.  d.  d.  cbem.  Gosellach .,  S3;    Engler  and  Frankenstein,  ibid.,  34. 

1  Her.  i  d    chom.  Uuelkch.,  15,  IN,  19,  22,  and  26. 

1  Engler  and  Wild.  i>n<i.,  30;  Bach,  Le  Moniteur  Bcientifique,  1897,  and  Compt 
rend.,  121:    Manchot,  1.  c. 

•  ller.  d.  d.  chem.  C.eeellsch.,  35  u.  30. 

*  I.oew,  U.  B.  Dept.  of  Agriculture.  Rep.  68, 1901.  and  Ber.  <L  d.  chem.  Gescflsca., 
|K;  in  regard  to  the  opposed  iklftl  see  Chodat  and  Bach,  L  c,  and  Kastle  and  Loeven- 
hart,  Arocr.  Chem.  Journ.,  2©. 
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Loew,1  who  has  opposed  the  view  as  to  the  oxygen  becoming  active 
with  the  setting  free  of  oxygen  atoms,  has  sought  for  the  reason  of  the 
oxidations  in  the  unstable  properties  of  the  protoplasmic  proteids.  The 
active  movement  of  the  atoms  within  the  active  proteid  molecule  is  trans- 
mitted to  the  oxygen  and  to  the  oxidizable  substance,  and  when  the  disso- 
lution of  the  molecule  has  proceeded  to  a  certain  point  the  oxidation  occurs 
by  the  chemical  affinity.  The  reason  for  this  unstable  condition  of  living 
proteid  molecules  has  already  been  given  above. 

ScHMiEDEBERa,*  who  also  denies  the  supposition  that  the  oxygen 
becomes  active,  is  of  the  view  that  the  tissues  by  the  mediation  of  the  oxida- 
tions do  not  increase  the  oxidizing  activity  of  the  oxygen,  but  more  probably 
act  on  the  oxidizing  substances,  making  them  more  accessible  to  oxidation. 

All  the  views  presented  thus  far  assume  a  continuous  oxidation  of  the 
primary  active  substance.  The  view  has  also  been  suggested  that  animal 
oxidation  may  be  brought  about  by  oxygen-carriers,  i.e.,  by  bodies  which, 
according  to  the  older  views,  without  being  oxidized  themselves,  act  in  an 
analogous  manner  to  the  nitric  oxide  in  the  manufacture  of  sulphuric  acid 
by  alternately  taking  up  and  introducing  oxygen  in  the  oxidation  of  dys- 
oxidizable  bodies.  Traube  has  for  a  long  time  explained  the  oxidations 
of  the  animal  body  in  this  way,  and  he  calls  these  questionable  oxygen- 
carriers  oxidation  ferments.9 

It  has  also  been  positively  proved  by  the  researches  of  Jaquet,  Sal- 
kowski,  Spitzer,  Rohmann,  Abelous  and  Biarnes,  Bertrand,  *Bour- 
quelot,  De  Rey-Pailhade,  Medvedew,  Pohl,  Jacoby,  Chodat  and  Bach/ 
and  others  that  in  the  blood  and  different  tissues  of  the  animal  body,  as  also 
in  plant-cells,  substances  occur  which  have  the  property  of  causing  certain 
oxidations  and  are  therefore  called  oxidation  ferments  or  oxidases.  Little 
is  known  in  regard  to  the  nature  or  the  manner  of  action  of  these  bodies. 
Certain  of  these  oxidases  are  nucleoproteids  (Spitzer),  and  others,  like  the 
catalases  (Loew),  are  proteoses,  while  others,  on  the  contrary,  like  the 
liver  aldehydase  (Jacoby)  and  laccase  (Bertrand),  are  not  of  proteid 
nature.  A  large  number  of  these  oxidases,  so-called  direct  or  primary 
oxidases,  turn  tincture  of  guaiacum  blue  directly.  Others,  on  the  con- 
trary, the  indirect  oxidases  or  peroxidases,  decompose  hydrogen  peroxide 

1  O.  Loew,  The  Energy  of  Living  Protoplasm,  London,  1896. 

•  Arch.  f.  exp.  Path.  u.  Pharm.,  14. 

1 M.  Traube,  Theorie  der  Fermentwirkungen.     Berlin,  1858. 

4  Jaquet,  Arch.  f.  exp.  Path.  u.  Pharm.,  29;  Salkowski,  Centralbl.  f.  d.  med.  Wis- 
Bensch.,  1892  and  1894,  and  Virchow'8  Arch.,  147;  Spitzer,  Pfluger's  Archiv,  60  and 
67;  Spitzer  and  Rohmann,  Ber.  d.  deutsch.  chem.  Gesellsch.,  28;  Abelous  et  Biarnes, 
Arch,  de  physiol.  (5),  7,  8,  and  9,  and  Compt.  rend.  soc.  biol.,  46;  Bertrand,  Arch,  de 
physioL  (5),  8,  9,  and  Compt.  rend.,  122,  123,  124;  Bourquelot,  Compt.  rend.  soc. 
bid,  48,  and  Compt.  rend.,  123;  De  Rey-Pailhade,  1.  c  ;  Medvedew,  Pfluger's  Arch., 
66;  Pohl,  Arch.  f.  exp.  Path.  u.  Pharm.,  38;  Jacoby,  Ergebnisse  der  Physiologic, 
Jahrg.  I,  Abt.  I,  which  contains  the  literature  of  the  subject;  Chodat  and  Bach,  1.  c. 
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and  only  turn  tincture  of  guaiacum  blue  in  the  presence  of  peroxide 
while  others,  like  the  catalases,  which  are  called  oxidases  by  Loew,  decom- 
pose hydrogen  jjeroxide  with  activity,  but  do  not  turn  tincture  of  guaiacum 
blue  either  directly  or  indirectly  in  the  presence  of  peroxides. 

The  substances  upon  which  these  oxidases  act  may  at  the  same  time 
be  of  the  greatest  difference.  Thus  the  oxidases  studied  by  Rohmann  and 
Spitzer  may  by  synthetical  oxidation  produce  indor  henol  from  a-naplithol 
and  p-phcnylendiamine  in  the  presence  of  alkali.  The  salicylate  or  aide- 
hvda.se  detected  in  the  liver  and  many  other  organs  oxidizes  many  alde- 
hydes to  their  corresponding  acid,  but  does  not  give  the  indophenol  reaction. 
The  laccasc  isolated  by  Bertrand  from  the  juice  of  the  lac-tree  has  an 
oxidizing  action  upon  polyhydric  p-phenols,  such  as  hydroquinone,  but 
not  upon  tyrosin.  The  bodies  called  tyrosinases  first  found  by  Bertrand 
in  certain  fungi  and  later  also  found  by  Biedermann,  v.  Fttrth  and 
SCBSHIHBB  in  the  animal  kingdom  have,  on  the  contrary,  an  action  upon 
tyrosin  converting  it  into  homogentisic  add  (Goxnkrmann  ')  or  other 
colored  compounds. 

At  present  we  know  only  very  little  with  certainty  in  regard  to  the 
mode  of  action  of  these  oxidases.  It  is  generally  admitted  that  we  are 
here  dealing  with  a  catalysis  produced  by  intermediate  reactions.  As  in 
certain  oxidations  manganous  and  ferrous  salts  act  as  catalysators,  so  an 
important  role  as  oxygen-carriers  has  been  ascribed  to  these  metals,  espe- 
in  laccaso  which  contains  manganese,  and  in  the  oxidases,  containing 
iron  (Sin/.Kii's  nucleoproteid).  Manchcit1  in  his  work  on  the  autodxida- 
tion  of  ferrous  sulphate  lias  recently  called  attention  to  the  apparently 
great  imjwrtance  of  iron  for  the  physiological  oxidations. 

According  to  the  observations  of  Cuodat  and  Bach  '  upon  plants,  the  oxidases 
are  a  mixture  of  oxygenases  and  peroxidases.  The  oxygenases  are  of  a  proteid 
nature  Mid  <ontaiii  niangane.se  or  iron  and  arc  converted  into  peroxides  t>y  the 
taking  up  of  oxygen.  These  peroxides  themselves  only  have  a  slight  oxidizing 
but  ten  nia. I.  .utive  by  the  peroxidases  in  a  manner  similar  to  the  activ- 
ation of  hydrogen  j»eroxide  by  ptatinum-blnek  and  fotrotlfl  sulphate.  The  per- 
oxidases, which  do  not  have  the  slight  dog  power  in  the  absence  of  per- 
oxides, are  not  proteids.  The  catalases,  which  decompose  hydrogen  peroxide  with 
the  development  of  molecular  oxygen,  also  belong  to  'in.'  enzymes  taking  part 
in  the  oxidation  processes.  In  oxidation,  according  to  the  hypothesis  of  Cuodat 
and  Back,  the  niohvular  oxygen  is  first  converted  by  the  oxygenase  into  per 
oxide.  The  peroxide  la  activated  bj  the  peroxidase  and  then  has  powerful 
oxidizing  power.  The  eatalase  decomposes  the  hydrogen  peroxide,  which  has  a 
destructive  action  and  which  is  abundantly  formed  under  certain  circumstances. 

Like  the  other  enzymes  the  oxidases  also  have  a  pronounced  specific 
action,  as,  for  example,  a  certain  oxidase,  like  laccase,  only  oxidizes  certain 

1  Biederm&mi,  Pfluger's  Arch.,  72;   v.  Furth  and  Schneider,  Hofmeister's  Beitr. 
a.  ebem.  Phya.  u.  Path.,  1;  Oannermann,  Pflugar's  Arch.,  82. 
1  Zeitechr.  f.  anorg.  Chem.,  27. 
»See  Bioeh.  Centralbl..  I,  417  and  -157. 
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substances,  but  not  others.  This  behavior,  which  is  difficult  of  explanation 
according  to  the  hypothesis  of  Chodat  and  Bach,  shows,  according  to 
Med  we  dew,1  that  the  substances  which  are  active  in  oxidation  do  not 
act  upon  the  oxygen,  but  rather  upon  the  substance  to  be  oxidized.  At 
present  it  is  difficult  to  say  how  far  special  oxidation  enzymes  are  active 
in  the  oxidations  in  the  living  animal  body. 

The  many  different  views  in  regard  to  the  oxidation  processes  show 

us  strikingly  how  little  is  positively  known  about  these  processes.    The 

occurrence  of  numerous  intermediary  decomposition  products  in  the  animal 

body  teaches  us  that  the  oxidation  of  the  constituents  of  the  body  is  not 

instantaneous  and  sudden,  but  takes  place  step  by  step,  and  hand  in  hand 

with  cleavages.    Most  investigators  are  agreed  that  these  decompositions 

are  similar  to  certain  oxidations  studied  by  Drechsel  3  outside  the  animal 

body,  where  oxidations  and  reductions  alternate  in  quick  succession.    The 

views  are  divided  in  regard  to  the  manner  and  origin  of  this  cooperative 

action." 

The  oxidations  in  the  animal  body  have  long  been  designated  as  a  com- 
bustion, and  such  a  conception  is  easily  reconcilable  with  the  above-mentioned 
views.  In  combustion  in  the  ordinary  sense,  as,  for  example,  the  burning 
of  wood  or  oil,  we  must  not  forget  that  the  substances  themselves  do  not 
combine  with  oxygen.  It  is  only  after  the  action  of  heat  has  decomposed 
these  bodies  to  a  certain  degree  that  the  oxidation  of  the  products  of  such 
decomposition  takes  place  and  is  accompanied  by  the  phenomenon  of  light. 
Tne  essential  source  of  heat  and  mechanical  work  developed  in  the 
organism  is  to  be  found  in  the  oxidations.  Chemical  energy  is  transformed 
Mto  the  above-mentioned  forms  of  energy  in  cleavage  processes,  where 
complicated  chemical  compounds  are  reduced  to  simpler  ones,  and  there- 
fore the  atoms  change  from  a  unstable  to  a  stabler  equilibrium,  and 
stronger  chemical  affinities  are  satisfied.  The  best-known  example  of  such 
a  splitting  process  is  the  ordinary  alcoholic  fermentation  of  dextrose, 
C|H„0e=2CO,+ 20,11,0,  a  process  which,  according  to  the  very  interesting 
investigations  of  Stoklasa  and  his  collaborators,4  occurs  also  in  animal 
life  in  anaerobic  respiration.  The  animal  body  may  also  have  a  source  of 
enenjy  in  the  cleavage  processes  which  are  not  dependent  on  the  presence 
of  free  oxygen.  The  processes  taking  place  in  the  living  muscle  are  an 
example  of  this  kind.  A  removed  muscle,  which  gives  no  oxygen  when  in 
a  vacuum,  may,  as  Hermann  8  has  shown,  work,  at  least  for  a  time,  in  an 


'Pfluger's  Arch.,  81. 

'Jouxn.  f.  prakt.  Chem.  (N.  F.),  22,  29,  88,  and  Festschrift  fur  C.  Ludwig,  1887. 

1  See  M.  Nencki,  Arch,  des  sciences  biol.  de  St.  Petersbourg,  1,  483. 

4  Hofmeister's  Beitr.,  8,  and  Centralbl.  f.  Physiol.,  16,  652  and  712.  See  also 
8toklasa.  Osterreich.  Chem.  Zeitung,  1903,  and  Centralbl.  f.  Physiol.,  17;  Stoklasa  and 
Cxerny,  Ber.  d  d.  chem.  Gesellsch.,  86;  Blumenthal,  Deutsch.  Med.  Wochenschr., 
1903;  Feinschmidt,  Hofmeister's  Beitrage,  4. 

•  Untersuch.  uber  den  Stoffwechsel  der  Menschen,  Berlin,  1867. 
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atmosphere  devoid  of  oxygen,  and  give  off  carbon  dioxide  at  the  same 
time. 

Cleavage  processes  which  are  accompanied  by  a  decomposition  of  water 
and  then  a  taking  up  of  its  constituents  are  called  hydrolytic  cleavages.  These 
cleavages,  which  play  an  important  r61e  within  the  animal  body,  and  which 
are  most  frequently  met  with  in  the  processes  of  digestion,  are,  for  example, 
the  transformation  of  starch  into  sugar  and  the  splitting  of  neutral  fate 
into  the  corresponding  fatty  acid  and  glycerine: 

C,Hs(C18H88Oa)>+3HaO=C3H6(OH)8+3(CwHll60?). 

Tristearin  Glycerine  Stearic  acid 

As  a  rule  the  hydrolytic  cleavage  processes  as  they  occur  in  the  animal 
body  may  be  performed  outside  of  it  by  means  of  higher  temperatures  with 
or  without  the  simultaneous  action  of  acids  or  alkalies.  Considering  the 
two  above-mentioned  examples,  we  know  that  starch  is  converted  into 
sugar  when  it  is  boiled  with  dilute  acids,  and  also  that  the  fats  are  split 
into  fatty  acids  and  glycerine  on  heating  them  with  caustic  alkalies  or  by 
the  action  of  superheated  steam.  The  heat  or  the  chemical  reagents  which 
are  used  for  the  performance  of  these  reactions  would  cause  immediate 
death  if  applied  to  the  living  body.  Consequently  the  animal  organism 
must  have  other  means  at  its  disposal  which  act  similarly,  but  in  such  a 
manner  that  they  may  work  without  endangering  the  life  or  normal  con- 
stitution of  the  tissues.  Such  means  have  been  recognized  in  the  so-called 
unorganized  ferments  or  enzymes. 

Alcoholic  fermentation,  as  well  as  other  processes  of  fermentation  and 
putrefaction,  is  dependent  upon  the  presence  of  living  organisms,  ferment 
fungi,  and  splitting  fungi  of  different  kinds.  The  ordinary  view,  according 
to  the  researches  of  Pasteur,  is  that  these  processes  are  to  be  considered  as 
phases  of  life  of  these  organisms.  The  name  organized  ferments  or  ferments 
has  been  given  to  such  micro-organisms  of  which  ordinary  yeast  is  an 
example.  However,  the  same  name  has  also  been  given  to  certain  bodies  or 
mixtures  of  bodies  of  unknown  organic  origin  which  are  products  of  the 
chemical  work  within  the  cell,  and  which  after  they  are  removed  from  the 
cell  still  have  their  characteristic  action.  Such  bodies,  for  example  malt 
diastase,  rennin,  and  the  digestive  ferments,  are  capable  in  the  very  small- 
est quantity  of  causing  a  decomposition  or  cleavage  in  very  considerable 
quantities  of  other  substances  without  entering  into  permanent  chemical 
combination  with  the  decomposed  body  or  with  any  of  the  cleavage  or 
decomposition  products.  These  formless  or  unorganized  ferments  are 
generally  called  enzymes,  according  to  Kuhne. 

A  ferment  in  a  more  restricted  sense  is  therefore  a  living  being,  while 
an  enzyme  is  a  product  of  chemical  processes  in  the  cell,  a  product  which 
has  an  individuality  even  without  the  cell,  and  which  may  be  active  when 
separated  from  the  cell.  The  splitting  of  invert-sugar  into  carbon  dioxide 
and  alcohol  by  fermentation  is  a  fermentative  process  closely  connected 
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with  the  life  of  the  yeast.  The  inversion  of  cane-sugar  is,  on  the  contrary, 
an  enzymotic  process  caused  by  one  of  the  bodies  or  mixture  of  bodies 
formed  by  the  living  ferment,  which  can  be  severed  from  this  ferment,  and 
still  remain  active  even  after  the  death  of  the  latter.  Consequently  fer- 
ments and  enzymes  are  capable  of  manifesting  a  different  behavior  towards 
certain  chemical  reagents.  Thus  there  exist  a  number  of  substances, 
among  which  we  may  mention  arsenious  acid,  phenol,  toluene,  salicylic 
acid,  boracic  acid,  sodium  fluoride,  chloroform,  ether,  and  others,  which 
in  certain  concentration  kill  ferments,  but  which  do  not  noticeably  impair 
the  action  of  the  enzymes. 

The  above  view  as  to  the  difference  between  ferments  and  enzymes  has 
lately  been  essentially  shaken  by  the  researches  of  E.  Buchner  *  and  his 
pupils.  He  has  been  able  to  obtain  from  beer-yeast,  by  grinding  and 
strong  pressure,  a  cell  fluid  rich  in  proteid  which  when  introduced  into 
a  solution  of  a  fermentable  sugar  caused  a  violent  fermentation.  The 
objections  raised  from  several  sides  that  the  fluid  expressed  still  contained 
dissolved  living  cell  substance  has  been  so  successfully  answered  by  Buch- 
ner and  his  collaborators,  that  there  is  at  present  no  question  but  that 
alcoholic  fermentation  is  caused  by  a  special  enzyme  called  zymase  which 
is  formed  in  the  yeast-cell. 

As  from  the  yeast-cell  so  also  from  other  lower  organisms,  indeed  from 
the  lactic-acid  bacilli  and  beer-vinegar  bacteria,  we  have  recently  been  able 
to  isolate  enzymes  (E.  Buchner  and  Meisenheimer,  Herzoq  2)  which 
produce  the  specific  fermentative  action  of  the  mother  organism.  We 
have  therefore  now  no  foundation  for  a  sharp  differentiation  between  the 
organized  ferments  and  the  enzymes. 

Many  enzymes  are  secreted  by  the  cells  and  are  therefore  called  secre- 
tion enzymes.  These  do  not  seem  to  be  secreted  as  such,  but  more  likely 
occur  as  precursors  of  the  enzymes,  the  zymogens,  in  the  cells.  These 
zymogens  are  then  transformed  by  special  influence  into  the  enzymes 

Besides  these  extracellular  enzymes  we  also  find  others  which  are  active 
within  the  cells,  the  intracellular  enzymes.  To  this  group  belongs  a  large 
number  of  enzymes,  among  which  are  those  proteolytic  enzymes  first 
observed  by  Salkowski  and  his  pupils,  which  produce  post-mortem  self- 
digestion  of  different  organs,  which  he  called  autodigestion.  Jacohy  has 
recently  further  studied  this  autodigestion  and  has  called  it  autolysis.     We 

1 E.  Buchner,  Ber.  d.  deutech.  chem.  Gesellsch.,  30  and  31;  E.  Buchner  and  Rapp, 
ibid.,  31,  32,  34;  H.  Buchner,  Sitzungsber.  d.  Gesellsch.  f.  Morphol.  u.  Physiol,  in 
Milnchen,  18,  1897,  part  1,  which  also  contains  the  discussion  on  this  topic.  See  also 
Stavenhagen,  Ber.  d.  deutsch.  Chem.  Gesellsch.,  30;  Albert  and  Buchner,  ibid.,  33; 
Buchner,  ibid.,  33;  Albert,  ibid.,  33;  Albert,  Buchner,  and  Rapp,  ibid.,  35;  in  regard 
to  the  opposed  views  see  Macfadyen,  Morris  and  Rowland,  il>id.,  33;  Wroblewski, 
Centralbl.  f.  Physiol.,  13,  and  Journ.  f.  prakt.  Chem.  (N.  F),  04. 

*  E.  Buchner  and  Meisenheimer,  Ber.  d.  d.  chem.  Gesellsch.,  30;  Herzog,  Zeitscht 
L  physiol.  Chem.,  87. 


12  INTRODUCTION. 

cannot  for  the  present  state  anything  positive  in  regard  to  the  importance 
of  these  and  other  intracellular  enzymes  in  the  physiological  processes  in 
the  living  cells.  The  abundant  occurrence  of  oxidases  and  other  enzymes 
of  different  kinds  in  the  cells,  the  increase  in  the  liver  autolysis  found  by 
Jacoby  in  phosphorus  poisoning,  the  solution  of  the  pneumonic  infiltra- 
tion by  autolysis  observed  by  Muller,  and  several  other  observations  * 
seem  to  make  it  probable  that  the  intracellular  enzymes  play  an  impor- 
tant role  in  life,  and  these  enzymes  have  been  considered  as  the  chemical 
tools  of  the  cells. 

Thus  far  no  enzyme  has  been  prepared  in  a  pure  state  with  positiveness 
and  hence  the  nature  of  the  enzymes  and  their  elementary  composition 
is  still  unknown.  The  enzymes  are  considered  as  proteid  bodies  by  many 
investigators,  but  this  opinion  has  not  sufficient  foundation,  and  is  dis- 
puted at  least  for  certain  enzymes.  It  is  indeed  true  that  the  enzymes 
isolated  by  certain  investigators  act  like  genuine  proteid  bodies;  but  it  is 
undecided  whether  or  not  the  products  isolated  in  these  instances  were 
pure  enzymes  or  were  composed  of  enzymes  contaminated  with  proteids. 

The  enzymes  may  be  extracted  from  the  cells  and  tissues  by  means  of 
water  of  glycerine,  especially  by  the  latter,  which  forms  very  stable  solu- 
tions and  hence  is  extensively  used  as  a  means  of  extracting  them.  The 
enzymes,  generally  speaking,  do  not  appear  to  be  diffusible,  and  Brkdig  ' 
has  given  several  reasons,  which  will  be  given  later,  for  considering  them 
not  as  true  solutions  but  rather  colloidal  ones.  The  enzymes  are  also 
absorbed  by  other  colloids  and  are  carried  down  by  fine  precipitates,  and 
this  property  is  extensively  taken  advantage  of  in  their  preparation.8  The 
enzymes  are  precipitated  from  their  solutions  by  alcohol.  The  continued 
heating  of  their  solutions  above  80°  C.  generally  destroys  most  of  the 
enzymes.  In  the  dry  state,  however,  certain  enzymes  may  be  heated  to 
100°  or  indeed  to  150°-160°  C.  without  losing  their  activity. 

The  action  of  the  enzymes  may  be  markedly  influenced  by  external 
conditions.  The  reaction  of  the  liquid  is  of  special  importance.  Cer- 
tain enzymes  act  only  in  acid,  others,  and  the  majority,  on  the  contrary, 
act  only  in  neutral  or  alkaline  liquids.  Certain  of  them  act  in  very  faintly 
acid  as  well  as  in  neutral  or  alkaline  solutions,  but  best  at  a  specific  reac- 
tion. The  temperature  exercises  also  a  very  important  influence.  In 
general  the  activity  of  enzymes  increases  to  a  certain  limit  with  the  tem- 
perature. This  optimum  is  not  always  the  same,  but,  as  shown  by  Tam- 
mann,  depends,  like  the  destructive  action  of  high  temperatures,  essen- 

1  A  complete  summary  of  the  literature  of  intracellular  enzymes  and  autolysis 
may  be  found  in  Jacoby,  "  Uber  die  Bedeutung  der  intrazellularen  Fermente,  etc.," 
Ergebnisse  der  Physiologie,  Jahrg.  I,  Abt.  1.,  1902. 

*  Anorganische  Fermente,  Leipzig,  1901. 

1  See  Briicke,  Wien.  Sitzungsber.,  43,  1861. 
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tally  upon  the  quantity  of  enzyme  and  other  conditions.  The  prod 
of  the  cnzymotic  processes  exercise  a  retarding  influence  in  proportion  as 
they  accumulate,  and  indeed  the  enzymotic  process  may  thereby  be 
entirely  stopped.  In  such  cases  of  "false  equilibrium"  (Uredig)  we 
may,  as  shown  by  Tammann,1  often  start  the  reaction  again  by  n 
ing  the  products  of  the  reaction,  by  diluting  with  water,  by  raining 
the  fee  -<\  bv  tl  ion  of  more  substance,  or  by  the  addition  of 

more  of  the  enzyme.     The  addition  of  neutral  salts  and  other  sulratancea  of 
various  kinds  may  partly  have  an  accelerating  and  partly  a  retarding  act  i 

We  have  no  characteristic  motions  for  the  enzymes  in  general,  and 

each  enzyme  is  characterized  by  its  eg*  tion  and  by  the  conditions 

uader  which  it  operates.     According  to  these  actions  most  of  the  enzymes 

studied  ran  be  divided  into  tWO  duel  groonfj  namely,  the  hydrolytic  and 

the  oxidizing  enzymes.      T  important  subgroups  of  the  hydmlytic 

enzymes  for  animal  life  are  the  proteolytic,  or  those  which  dissolve  proteid, 

the  lipolytic,  or  fat-splitting,  and  the  airv/loh/tie  (or  duuttali       i.       m-s,  which 

act  upon  the  starches.     To  this  last  group  we  must  include  the  inverUues, 

which  split  the  disaccharides  into  monosaccharides.     Among  the  hydro- 

tchide  the  urea-flplittiiig  and  the  ghiooeide- 
splitting,  the  latter  occurring  in  the  higher  plants.  The  protcid-coagulating 
wiymes,  chymosin  or  ceeeui-eoegul&ting  and  thrombin  or  blood-coagulat- 
ing enzyme,  belong  to  a  special  though  not  clearly  defined  gp 

The  various  oxidases  have  alrea  I  sd  in    the  preceding 

pages.  According  to  the  observations  of  certain  investigators  '  we  also 
have  enzymes  which  have  a  reducing  action,  ^'-called  nditctases  or  hydro- 
$»«**.  To  this  group  belongs  the  so-called  "philothion"  which  de- 
velops sulphuretted  hydrogen  in  the  presence  of  sulphur  and  water, 
while  other  investigators  have  not  been  able  to  substantiate  this  fact.* 
rty  of  many  enzymes,  besides  their  specific  action,  of  decompos- 
ing hydrogen  peroxide,  docs  not  belong  to  the  enzymes  themselves,  but 
depends  upon  their  contamination  with  another  enzyme  which  has  been 
called  catalase.* 

r  to  obtain  a  clear  and  concise  nomenclature  of  the  enzymes  v.  Lipp- 
HJ3B<  has  suggested  to  construct  the  name  of  the  enzyme  out  of  two  words,  one 


'  Tho  work  of  Tammann  may  be  found  in  Zeitschr.  f.  pbysiol.  Chem.,  10,  and 
ZeikJchr.  f.  prakt.  Cheou,  3  and  IV 

:S«  Feniii  and  Pemoesi,  Zeitschr.  f.  Hygiene,  18;  also  in  regard  to  tho  enzymes 
to  general  see  C.  Oppenheimcr.  Die  Permeate,  1000. 

lIicJoiu  et  Gerard.  Com  pi    rend.,  129;  Poaci-Escot.  Bull.  Soc.  Chirn.  I 
'Ue  Rey-Pailhade,  Recherches  exper.  sur  le  Philothion,  etc.,  Paris,  1891,  and 
ilea  recherche*  sur  le  Philothion,  Paris,  1802;    Pozzi-Esoot,  1.  c.;    Chodat  and 
Boca,  Her.  d.  d.  chem.  Goselkrh  .  38;   Abelou.s  ct  Rihaut,  Compt.  rend  ,  137 

'  :>c«  Al,  Schmidt,  Zur  P.lutlchrr,  Leipzig,  1S92;    Jacobson,  Zeitschr.  f.  physioL 
<•''   i.     10;   0.  Loew,  foot-note  5,  page  6. 
'  Ber.  d.  d.  chem.  GeaeUach..  36. 
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of  which  represents  the  substance  acted  upon  by  the  enzyme,  while  the  second 
is  the  important  or  chief  product  produced  by  the  enzyme.  Thus  maltoglucase 
is  an  enzyme  which  produces  d-glucose  from  maltose,  amylmaltase,  one  that 
forms  maltose  from  starch  (amylum),  etc. 

The  action  of  the  enzymes  is  specific,  as  one  and  the  same  enzyme  only 
acts  upon  one  substance  or  a  few  certain  substances  or  groups  of  them. 
Their  action  seems  to  be  entirely  dependent  upon  the  stereometric  con- 
struction of  the  substance  acted  upon,  and  we  can  admit  that  the  enzyme 
attacks  only  specially  arranged  stereometric  atomic  groups,  where  the 
enzyme  fits  the  substance  in  a  manner  similar  to  a  key  fitting  a  lock 
(E.  Fischer).  E.  Fischer  l  has  given  a  positive  proof  for  the  great 
importance  of  a  different  stereometric  configuration  by  his  investigations 
upon  the  artificially  prepared  series  of  stereoisomeric  glucosides  which  he 
calls  a  and  /?  glucosides.  The  enzymes  of  yeast  infusions  only  act  upon 
the  glucosides  of  the  a-series,  while  emulsin,  on  the  contrary,  only  acts 
upon  those  of  the  /J-series. 

The  best-known  and  most  carefully  studied  enzyme  actions,  the  hydroly- 
ses,  are  exothermal  processes,  and  therefore  the  sum  of  the  new  products 
produced  have  a  lower  heat  of  combustion  than  the  original  substance. 
Now,  as  syntheses  are  generally  endothermal  reactions,  i.e.,  are  processes  re- 
quiring a  taking  up  of  heat  where  external  energy  must  be  supplied  before 
they  take  place,  and  also  as  the  enzymes  are  not  a  source  of  energy,  it 
used  to  be  generally  considered  that  the  enzymes  could  not  bring  about 
any  syntheses.  This  view  is  nevertheless  untenable,  and  it  has  also  been 
shown  that  enzymotic  hydrolyses  may  be  reversible  processes  which  pro- 
duce syntheses.  Croft  Hill  has  shown  that  maltase,  which,  as  is  well 
known,  has  a  splitting  action  upon  maltose,  also  has  the  power  of  regener- 
ating from  glucose  two  isomeric  bioses,  one  a  new  body  called  revertose  and 
another  which  is  probably  maltose  (see  also  Emmerling  2).  Hanriot,* 
Kastle  and  Loevenhardt  *  have  shown  that  the  lipases  can  bring 
about  syntheses,  and  finally  Emmerling8  has  been  able  to  synthesize 
amygdalin  from  mandelic  acidnitrilglucoside,  and  glucose  by  means  of 
the  yeast  maltase.  According  to  Abelous  and  Ribaut  8  the  pig  and 
horse  kidneys  contain  an  enzyme,  which  produces  hippuric  acid  from  benzyl 
alcohol  and  glycocoll.  These  investigators  are  of  the  opinion  that  the 
benzyl  alcohol  is  first  oxidized  to  benzoic  acid  and  then  that  the  synthesis 
is  brought  about  by  the  aid  of  the  energy  set  free  in  this  process.     There 

1  Zeitschr.  f.  physiol.  Chem.,  26. 

*  Hill,  Ber.  d.  d.  chem.  Gesellsch.,  34,  and  Transactions  Chem.  Society,  1903,  83; 
Emmerling,  Ber.  d.  d.  chem.  Gesellsch.,  84. 
•Compt.  rend.,  132. 
4  The  Amer.  Chem.  Journ.,  24. 
1  Ber.  d.  d.  chem.  Gesellsch.,  34,  3810. 
•Compt.  rend.  Soc.  biol.,  52;  Maly's  Jahresber.,  30. 
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is  more  and  more  tendency  to  accept  the  view  that  the  intracellular  enzymes 
are  of  importance  for  the  syntheses  in  the  animal  body. 

The  kind  and  manner  of  the  action  of  enzymes  is  still  unknown.    We 
are  sure  that  they  do  not  occur  among  the  final  products  of  the  reaction ; 
still  it  is  quite  possible  that  preliminarily  a  transitory  combination  of  the 
enzyme  and  the  substance  takes  place,  a  view  which  has  received  consider- 
able support  by  the  work  of  Hanriot  upon  lipase  and  especially  by  the 
studies  of  Henri  l  on  invertase,  diastase,  and  emulsin.     Certain  investi- 
gations carried  on  during  the  last  few  years,  showing  the  marked  corre- 
spondence beween  catalysis  and  enzyme  action,  have  been  of  special  impor- 
tance for  a  deeper  insight  into  the  manner  of  enzyme  action.    The  cataly- 
Bators,  like  the  enzymes  or  their  derivatives,  are  not  found  in  the  final  prod- 
ucts of  the  reaction,  and  the  quantity  of  the  active  substance  proportionate 
to  the  quantity  of  substance  transformed  is  infinitesimally  small  in  enzyme 
action  as  well  as  in  catalysis.     In  enzyme  action  as  well  as  in  catalysis  the 
reaction  velocity  seems  to  be  independent  of  the  quantity  of  the  active 
substance  added,  and  this  indicates  that  the  enzyme  action  is  not  to  be 
considered  as  a  starting  of  a  reaction  which  would  not  of  itself  take  place, 
but  rather  as  an  acceleration  of  a  slow,  often  not  noticeable,  proceeding 
chemical  change.    According  to  this  conception  enzyme  action  comes  in 
a  line  with  catalysis,  as,  according  to  Ostwald,2  bodies  are  called  cataly- 
sators  which  by  their  presence  cause  a  change  in  the  reaction  velocity  of 
chemical  processes,  and  indeed  positive  or  negative,   according  as  they 
produce  acceleration  or  retardation.     The  striking  correspondence  between 
enzymes  and  inorganic  catalysators  has  been  shown  especially  by  Bredig 
and  his  collaborators,  v.  Bemek,  Ikeda,  and  Reinders,8  by  their  very 
important  investigations. 

Bredig  has  been  able  to  prepare  colloidal  solutions  of  platinum,  gold, 
and  silver  by  allowing  the  electric  arc  to  play  between  two  poles  of  the 
respective  metal  beneath  water.  These  solutions  of  colloidal  metals, 
metallic  soles,  show  by  their  activity  and  the  dependence  of  this  activity 
upon  external  influences,  even  by  poison,  such  strong  resemblance  to  the 
enzymes  that  Bredig  has  indeed  called  them  inorganic  ferments. 

Still  it  is  nevertheless  true  that  the  manner  of  action  of  catalysators 
has  not  been  explained,  and  we  must  be  careful  not  to  draw  too  positive 
conclusions  from  the  remarkable  correspondence  of  the  manner  of  action 
of  metallic  soles  and  certain  ferments.4     This  comparison  between  enzymes 

'Hanriot,  Compt.  rend.,  182;  Henri,  Lois  generales  de  Taction  des  diastases, 
Paris,  1903. 

'  Grundriss  d.  allgemein.  Chemie,  3.  Aufl.,  1899. 

1  See  Bredig,  Anorganische  Fermente,  Leipzig,  1901 ,  and  also  Bredig,  Die  Elements 
d  ehemischen  Kinetik,  etc.,  Ergebnisse  der  Physiologie,  Jahrg.  I,  Abt.  1,  1902. 

*  See  Kastle  and  Loevenhart,  Amer.  Chem.  Jour.,  29. 


and  catalysators  opens  up  new  lines  of  study  of  enzyme  action  which 
undoubtedly  will  be  very  fruitful. 

Kt  above  stated,  the  enzymes  are  of  great  importance  for  the  chemical 
processes  going  on  in  the  digestive  tract,  but  we  have  to  arid  that  the 
result.--  of  their  action  art;  greatly  complicated  by  processes  of  putrefaction 

i  take  place  in  the  intestine  at  the  same  time,  and  which  are  caused 
by  micro-organisms.  Micro-organisms  therefore  exercise  a  certain  influ- 
ence on  the  physiological  processes  of  the  animal  body.  These  organisms, 
when  they  enter  the  animal  fluids  and  tissues  and  develop  and  multiply, 
are  of  the  greatest  pathological  importance,  and  modern  bacteriology  in 
relation  to  the  doctrine  of  infectious  diseases,  founded  by  Pastkur  and 
Koch,  gives  important  testimony  to  these  fart*. 

The  products  produced  by  micro-organisms  may  be  of  very  different 
kinds.  Among  the  -uLv-tances  produced  in  the  decomposition  of  animal 
fluids  and  tissues  by  putrefactive  organisms  we  find  substances  having  a 
basic  nature.     To  this  class  belong  the  cadaver  alkaloids  called  ptomaines, 

found  by  Sklmi  in  human  cadavers  and  then  specially  studied  by 
Bkikgkk  and  Oautiku.1  Certain  of  tibeee  are  poisonous,  designated  as  tox- 
ins, while  the  others  are  non-poisonous.  They  all  belong  to  the  aliphatic 
compounds  and  generally  do  not  contain  oxygen.  As  an  example  of  these 
basic  substances  we  must  mention  the  two  diamines,  cariaverin  or  pen- 
tamethyi.  .-,    CdluM3,     and     putnBCBB    or    tetramethylendiamine, 

C4H,jNsi  which  have  awakened  special  interest  because  they  occur  in  the 
contents  of  the  intestine  and  in  the  urine  in  certain  pathological  condi- 
tions, especially  in  cholera  and  cystinuria.' 

As  above  stated,  the  chemical  processes  in  animals  and  plants  do  not 
stand  in  Opposition  to  each  other;    they  offer  differences  indeed,  but  still 

are  of  the  same  kind  from  a  qualitative  standpoint.  Pfluger  says 
that  there  exists  a  blood-relationship  between  all  living  cejls  of  the  animal 
and  vegetable  kingdoms,  and  that  they  originate  from  the  same  mot;  and 
if  the  unicellular  plant  organisms  can  decompose  protein  substances  in 
such  a  manner  as  to  produce  poisonous  substances,  why  should  not  the 
animal  body,  which  is  only  a  collection  of  cells,  be  able  to  produce  under 
physinloidcal  conditions  similar  poisonous  substances?     It  has  been  known 

long  time  that  the  animal  body  possesses  this  ability  to  a  great  extent, 
and  as  well-known  evidence  of  this  ability  we  may  mention  various  nitro- 
genized  extractives  and  poisonous  constituents  of  the  secretions  of  certain 
animals.    Those  substances  of  basic  nature  which  are   incessantly   and 

■  Imi,  Sulle  ptomaine  od  alcaloidi  cadaveric!  c  loro  importanza  in  tossicologia. 
Boloima,  1878;    Ber.  d.  deutach.  chctn.  GcaeUsch.,  1L      Correspond,  by    H.  Schiff; — 
r.  [Tatar  Ptomaine,  Purto  1.  2,  and  3.     Berlin,   1885-1886;— A.   Gaulicr,  Traite 
de  chimie  appliqute  a  la  physiologic,  2.  1873.  and  Compt.  rend..  94. 

'Sec  Brieger,  Berlin,  klin.  \'  B  ,  1887;   Baumann  and  Udmnsky,  Zeitschr. 

f.  physiol.  Chenx,  13  and  15;   Hrieger  and  Stadthagon,  Berlin,  klin  Wochemcbr.,  1889. 
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regularly  produced  as  products  of  the  decomposition  of  the  protein  sub- 
stances in  the  living  organism,  and  which  therefore  are  to  be  considered 
as  products  of  the  physiological  metabolism,  have  been  called  leucomaines 
by  Gautier  in  contradistinction  to  the  ptomaines  and  toxins  produced 
by  micro-organisms.  These  bodies,  to  which  belong  several  well-known 
animal  extractives,  were  isolated  by  Gautier  '  from  animal  tissues  such 
as  the  muscles.  The  hitherto  known  leucomaines,  of  which  a  few  are 
poisonous  in  small  amounts,  belong  to  the  choline,  the  uric  acid,  and  the 
creatinine  groups. 

The  leucomaines  are  considered  as  being  of  certain  importance  in  caus- 
ing disease.  It  has  been  contended  that  when  these  bodies  accumulate  on 
account  of  an  incomplete  excretion  or  oxidation  in  the  system,  an  auto- 
intoxication may  be  produced  (Bouchard  and  others  *). 

Of  especially  great  interest  are  the  toxins  which  are  found  in  the  higher 
plants  and  animals,  like  the  jequirity-bean  and  castor-seed,  in  the  poison 
of  snakes  and  spiders,  in  blood-serum,  etc.,  and  particularly  those  produced 
by  pathogenic  micro-organisms  which  have  an  unmistakable  relationship 
to  the  enzymes.  A  closer  study  of  these  various  bodies,  lysins,  agglutinins, 
toxins,  etc.,  as  well  as  of  the  antitoxins  and  theory  of  immunity,  does 
not  lie  within  the  scope  of  this  work,  and  although  the  subject  is  of  the 
greatest  importance,  it  cannot  be  treated  here.  We  can  only  call  atten- 
tion to  one  similarity  between  many  toxins  and  enzymes,  and  this  is 
important  in  connection  with  what  we  have  already  stated  in  regard  to 
the  enzymes.  As  by  the  repeated  introduction  of  a  toxin  into  an  animal 
body  we  can  excite  a  formation  of  the  corresponding  antitoxin,  so,  as  first 
shown  by  Morgenroth,*  it  is  also  possible  by  the  increasing  introduction 
of  an  enzyme  (rennin,  for  example)  to  produce  an  antienzyme  (an  antiren- 
nin)  in  the  body.  This  is  only  a  special  case  of  the  general  immunity  theory 
where  the  animal  body  has  the  power  of  making  foreign  substances  non- 
destructive by  reaction  products  produced  by  the  body. 

'Bull.  soc.  chim.,  43,  and  A.  Gautier,  Sur  les  alcaloides  derives  de  la  destruction 
bacterienne  ou  physiologique  dea  tissus  animaux.     Paris,  1886. 

'  Bouchard,  Lecons  sur  les  auto-intoxications  dans  les  maladies.  Paris,  1887.  See 
abo  the  various  text-books  of  clinical  medicine. 

'CentralbL  f.  Bacterial,  u.  Parisitenkunde,  26. 


CHAPTER  II. 
THE  PROTEIN  SUBSTANCES. 

The  chief  mass  of  the  organic  constituents  of  animal  tissues  consists  of 
amorphous,  nitrogenized,  very  complex  bodies  of  high  molecular  weight. 
These  bodies,  which  are  either  proteids  in  a  special  sense  or  bodies  nearly 
related  thereto,  take  first  rank  among  the  organic  constituents  of  the  ani- 
mal body  on  account  of  their  great  abundance.  For  this  reason  they  are 
classed  together  in  a  special  group  which  has  received  the  name  protein 
group  (from  npoorevo,  I  am  the  first,  or  take  the  first  place).  The  bodies 
belonging  to  these  several  groups  are  called  protein  substances,  although  in 
a  few  cases  the  proteid  bodies  in  a  special  sense  are  designated  by  the 
same  name. 

The  several  protein  substances l  contain  carbon,  hydrogen,  nitrogen,  and 
oxygen.  The  majority  contain  also  sulphur,  a  few  phosphorus,  and  a  few 
also  iron.  Copper,  chlorine,  iodine,  and  bromine  have  been  found  in  some 
few  cases.  On  heating  the  protein  substances  they  gradually  decompose, 
producing  a  strong  odor  of  burnt  horn  or  wool.  At  the  same  time  they 
produce  inflammable  gases,  water,  carbon  dioxide,  ammonia,  nitrogenized 
bases,  besides  many  other  substances,  and  leave  a  large  quantity  of  carbon. 
On  hydrolytic  cleavage  they  all  yield,  besides  nitrogenous  basic  substances, 
especially  large  amounts  of  monamino  acids  of  different  kinds. 

The  nitrogen  occurs  in  the  protein  bodies  in  various  forms,  and  this  is 
also  found  in  the  division  of  the  nitrogen  among  the  cleavage  products. 
On  boiling  with  dilute  mineral  acids  we  obtain  (1)  so-called  amid  nitrogen, 
which  is  readily  split  off  as  ammonia;  (2)  a  guanidine  residue  which  is  com- 
bined with  diaminovalerianic  acid  as  arginin  and  which  has  also  been  called 
the  urea-forming  group;  (3)  basic  nitrogen,  diamino-acid  nitrogen,  which 
is  precipitated  by  phosphotungstic  acid  as  basic  products  (to  which  also 
the  guanidine  residue  of  arginin  belongs);  (4)  monamino-acid  nitrogen; 
and  (5)  the  nitrogen  in  variable  amounts  which  appears  as  humus-like 
melanoidins,  which  seem  only  to  be  of  secondary  formation  as  products  of 
elaboration. 

'See  "Eiweisskorper,"  Ladenburg's  Handworterbuch  der  Cbemie,  3,  534-589, 
■which  gives  a  very  complete  summary  of  the  literature  of  protein  substances  up  to 
1885.  The  more  recent  literature  up  to  the  year  1900  may  be  found  in  O.  Cohnheim, 
Chemio  der  Eiweisskorper.    Braunschweig,  1900. 
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TTic  quantitative  division  of  the  total  nitrogen  between  the  above 
five  groups  is  different  for  the  various  protein  substances,  but  cannot  be 
given  with  certainty,  because  of  the  above-mentioned  melanoidin  forma- 
tion and  the  errors  in  the  methods  used.1    The  following  give  at  least  an 
approximate  idea  of  this  division.3    The  loosely  combined  so-called  amid 
nitrogen  seems  to  be  entirely  absent  in  the  protamins.    In  the  gelatines  we 
find  1-2  per  cent,  and  5-10  per  cent  in  other  animal  protein  substances;  in 
the  plant  gluten-proteids  13-20  per  cent  of  the  total  nitrogen  as  amid  nitrogen. 
The  guanidine  nitrogen  may  amount  in  the  protamins  to  22-44  per  cent  of 
the  total  nitrogen,  in  the  histons  12-13  per  cent,  in  the  gelatines  about  8  per 
cent,  and  in  the  other  protein  bodies  about  2-5  per  cent.    As  basic  nitro- 
gen precipitable  by  phosphotungstic  acid  (including  the  guanidine  residue) 
we  find  63-88  per  cent  in  the  protamins,  35-42.5  per  cent  in  the  histons, 
15-25  per  cent  in  the  other  animal  protein  substances,  5-14  per  cent  in 
win  and  the  gluten  proteid,  and  about  37  per  cent  in  the  plant  globulin. 
The  chief  quantity  of  the  nitrogen,  55-76  per  cent,  occurs,  with  the  excep- 
tion of  the  protamins,  as  the  monamino-acid  groups.     The   results  for 
tiie  melanoidin  nitrogen  vary  so  considerably  that  they  will  not  be  men- 
tioned. 

From  the  above  results  it  follows  that  the  nitrogen  of  most  protein 
bodies  exists  in  such  combination  that  the  chief  quantity  appears  in 
the  cleavage  products  as  amino  compounds  on  hydrolytic  cleavage  by 
acids.  By  the  action  of  nitrous  acid  upon  proteins  only  a  very  small  part, 
1-2  per  cent,  of  the  nitrogen  is  evolved,*  which  indicates  that  NH,  groups 
exist  only  to  a  slight  extent  in  these  substances.  It  is  also  generally 
admitted  that  the  amino  groups  occurring  in  the  cleavage  products  exist 
in  the  original  protein  substance  chiefly  as  imino  groups. 

The  sulphur  occurs  in  the  different  protein  bodies  in  very  different 
amounts.  Certain  of  them,  such  as  the  protamins  and  apparently  also 
certain  bacterial  proteids/  are  free  from  sulphur;  some,  such  as  gela- 
tine and  elastin,  are  very  poor  in  sulphur;  while  others,  especially  horn  sub- 
stances, are  relatively  rich  in  sulphur.  On  hydrolytic  cleavage  with  min- 
eral acids  the  sulphur  of  the  protein  substances  is  regularly,  at  least  in 
part,  split  off  as  cystin  (K.  Morner)  or,  with  bodies  poorer  in  sulphur, 

'See  the  work  of  Hausmarm,  Zeitschr.  f.  physiol.  Chem.,  27  and  29;  Henderson, 
ibid.,  27;   Kossel  and  Kutscher,  ibid.,  30;   Kutscher,  ibid.,  31,  38;   Hart,  ibid.,  33. 

'See  the  works  given  in  foot-note  1  and  Blum,  Zeitschr.  f.  physiol.  Chem.,  30; 
Easel,  Ber.  d.  d.  chem.  Gesellsch.,  34,  3214;  Hofmeister,  Ergebnisse  der  Physiol., 
Jahrg.  I.  Abt.  1, 759,  which  also  contains  the  literature;  and  Osborne  and  Harris,  Journ. 
Amer.  Chem.  Soc.,  26. 

'See  C.  Paal,  Ber.  d.  d.  chem.  Gesellsch.,  29;  H.  Schiff,  ibid.,  1354 ;  O.  Loow, 
Chemiker  Zeitung,  1896;  and  O.  Nasse,  Pfluger's  Arch.,  6. 

'See  Nencki  and  Schaffer,  Journ.  f.  prakt.  Chem.  (N.  F.),  20,  and  11  Nencki, 
Ber.  d.  d.  chem.  Gesellsch.,  17. 
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as  cyatein  (Embden).  From  certain  protein  substances  a-thiolactic  acid 
(Sotkr,  1  'kikdmann,  Frankel),  mercaptans  (Rubber),  or  a  body  having 
an  odor  similar  to  ethyl  sulphide  (Drechsbl)  have  been  obtained.1 

A  part  of  the  sulphur  separates  as  potassium  or  sodium  sulphide  on 
boiling  with  caustic  potash  or  soda,  and  may  be  detected  by  lead  acetate 
ami  quantitatively  determined  (Fi.eitmwn,  Danilewsky,  Kruger,  Fr. 
Schulz,  Osborne,  K.  Morner').  What  remains  can  only  be  detected 
after  fusing  with  nitre  and  sodium  carbonate  and  testing  for  sulphates. 
The  relationship  between  the  sulphur  split  oft*  by  alkali  and  that  not  split 
off  is  different  in  various  proteids.  No  conclusions  can  be  drawn  from 
this  in  regard  to  the  number  of  forms  of  combinat  on  which  the  sulphur 
has  in  the  protein  molecule.  As  shown  by  K.  Morner,  only  about  three- 
fourths  of  the  sulphur  in  cystin  can  be  split  off  by  alkali,  and  the  same  is 
true  for  the  eystin-yielding  complex  of  the  protein  substances.  If  the 
quantity  of  lead-blackcniug  sulphur  in  a  protein  Inxly  be  multiplied  by 
|,  we  obtain  the  quantity  corresponding  to  the  cystin-sulphur  in  the  body. 
By  such  calculation  Morner  found  in  certain  bodies,  such  as  horn  substance, 
seralbumin  and  serglobulin,  that  the  quantity  of  cystin  sulphur  and  total 
sulphur  were  identical,  and  therefore  we  have  no  reason  for  considering 
the  sulphur  in  these  bodies  as  existing  in  more  than  one  form  of  combina- 
tion. Iu  other  proteins,  such  as  fibrinogen  and  ovalbumin,  on  the  con- 
trary, only  one-half  or  one-third  of  the  sulphur  appeared  as  cystin  sulphur. 

The  constitution  of  the  protein  bodies  is  still  unknown,  although  the 
prc.it  advances  made  in  the  last  few  years  have  brought  us  essentially 
closer  to  the  elucidation  of  the  question.  In  studying  the  constitution  of 
the  protein  bodies  they  have  been  broken  up  in  various  ways  into  simpler 
portions,  and  lhc  methods  used  for  this  purpose  have  been  of  different 
kinds.  In  these  decompositions  where  the  proteids  in  the  true  sense  have 
been  used,  because  they  can  be  prepared  in  the  crystalline  form,  flret 
large  atomic  complexes,  proteoses,  and  peptones  are  obtained  which  still 
have  proteid  chara< -t eristics,  and  which  then  suffer  further  decomposition 
until  finally  we  obtain  simpler,  generally  crystalline,  or  at  least  character- 
istic end  products. 

On  heating  proteid  with  barium  hydrate  and  water  in  sealed  tubes  to 
150-250°  C.  ScinTY-KNBKUGER  s  obtained  a  mixture  of  products  among 
which  were  ammonia,  carbon  dioxide,  oxalic  acid,  acetic  acid,  and,  as  chief 
product,  a  mixture  of  amino  acids.      The  conclusion  he  drew  from 

1  K.  Morner,  SdttetK  f.  phyaiol.  Chem.,  28,  34;  Embden.  ibid.,  32;  Suter. 
20;    "ftiadmaim,  floftiwfater'a  Beitrilge,  8;    Rubner.  Arch.  f.  Hygiene,  19;    Drechsel. 
CantrelU.  I.  Physiol.,  10,  520;    FriknkeJ,  SiU.  Her.  d.  Wicn.  Akad.,  112,  II  b,  1903. 

"♦  Fleitmann,  Ann&l.  der  Chem.  und  Pharra.,  00;  Dniu!i  vy4.v.  Zcitachr.  f.  physiol. 
Chem.,  7;  KriiRrr.  Printer's  Archiv,  43;  K.  Sohul/.,  Zcit-chr.  f.  phyaiol.  Chem.,  25; 
Osborne,  Connecticut  A^ric.  Expt.  Station  Report  1900;   Morner,  1.  c. 

» Annal.  de  Chim.  et  Phys.  (5),  16,  and  Bull.  aoc.  chim.,  23  and  24. 
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experiment,  that  the  proteid  is  a  complex  ureid  or  oxamid,  cannot  be 
considered  for  several  reasons.1 

On  fusing  proteids  with  caustic  alkali  we  obtain  ammonia,  methyl  mer- 
captan,  and  other  volatile  products;  also  leucin,  from  which  then  volatile 
acids,  such  as  acetic  acid    .  nl-  rianic  acid,  and  also  butyric  acid  arc  obtained, 
and  also  tyrosin,  from  which  latter  phenol,  indol,  and  skatol  are  prod 
As  to  the  products  prepared  by  hydrolytic  cleavage  with  mineral  Midi  WB 
have   a   number   of  investigations   by   various   experimenters,   espa 
Hiasiwetz  and  Haberman.v.  Ritthausen  and  Kreusler,  E.  Schulze 
and  his  coHaboc&ton,  DREcnsEL,  Siegfried,  R.  Cohn,  Kossel  and  his 
pupils.   K.  Moknkk,  and  recently  R.  Risen  ek  and  his  collaborators.2     The 
chief  products  thus  obtained  are  monamino  acids,  such  as  glycocoll,  alanin, 
arninovalerianic    acid,  leucin,  serin,  tyrosin,   phenylaminopropionic  acid, 
aspartic  and  glutamic  acids,  eystein  and  its  sulphide  cystin;   the  so-< 
hexon  bases,  lysin,  arginin,  and  histidin,  of  which  the  first  two  are  diamino 
acids;  pyrrolidin  and  oxypyrrolidin  carbonic  acids;  sulphuretted  bydn 
ethyl  sulphide,  leucinimide,  ammonia,  and  mclanoidin.s,3  which  latter  seem 
to  be  secondary  condensation  products. 

The  proteids  can  be  split  into  a  large  number  of  bodies  by  the  proteolytic 
enzymes,  and  these  will  be  presented  later.  In  the  first  place  proteoses  and 
peptones  are  produced,  also  an  abundance  of  monamino  acids  of  different 

la,  hexon  bases,  tryptophan  (proteinochromogen),  which  is  a  il 
aminoacid,  and  finally  oxyphenyleth\  kunin.  diamins,  and  a  little  ammonia 
and  other  substances. 

A  great  many  substances  are  produced  in  the  putrefaction  of  proteids. 

the  same  bodies  as  are  formed  in  the  decomposition  by  means  of 

proteolytic  enzymes  are  produced,  and  then  a  further  deeom|K>sition  occurs 

with  the  formation  of  a  large  number  of  bodies  belonging  in  part  to  the 

aliphatic  and  in  part  to  the  aromatic  and  heterocyclic  series.     Of  the  first 

series  we  have  ammonium  salts  of  volatile  fatty  acids,  such  as  capmic, 

valerianic,  and  butyric  acids,  also  succinic  acid,  carbon  dioxide,  methane, 

ogen,   sulphuretted    hydrogen,    methyl    rnercapfan,   and   others.     The 

laines  also  belong  to  these  products  and  are  probably  in  part  formed 

by  very  different  chemfcaJ  processes  or  even  syntheses. 

E.  BKI  divides  the  putrefactive  product*  of  the  aromatic  and 

heterocyclic  series  into  three  groups:  (a)  the  phenol  group,  to  which  tyro^.'m. 
the  aromatic  henol,  and  >  resol  belong;    (6)  the  phenyl  y 

including  phenylacctic  acid  and  phenyl  propionic  acid;    and  lastly  (c)  the 
indol  group,  which  includes  indol,  skatol,  skatolacetic  acid,  and  skatolcar- 


•See  Habennann  and  Ehrenfeld,  Zeitachr.  f.  physiol.  Chem.,  30. 
1  In  regard  to  the  literature  see  O.  C'ohnheim,  Cbemie  der  Eiweiaskorper,  Braun- 
schweig,  1000,  and  P.  Hofmeister,  Ergebnisse  der  Physiologic,  1,  Abt.  I,  759,  1902. 
o  Sarnuely,  Hofmeister' a  Beitrage,  2. 
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bonic  acid.  These  various  products  are  formed  during  putrefaction  with 
access  of  air.  Nencki  and  Bovet1  obtained  only  p-oxyphenylpropionic 
acid,  phenylpropionic  acid,  and  skatolacetic  acid  on  the  putrefaction  of 
proteids  by  anaerobic  schizomycetes  in  the  absence  of  oxygen.  These 
three  acids  are  produced  by  the  action  of  nascent  hydrogen  on  the  corre- 
sponding amino  acid,  namely,  tyrosin,  phenylaminopropionic  acid,  and 
skatolaminoacetic  acid,  and  these  three  last-mentioned  amino  acids  exist, 
according  to  Nencki,  preformed  in  the  proteid  molecule. 

By  the  moderate  action  of  chlorine,  bromine,  or  iodine  upon  proteids 
these  halogens  enter  in  more  or  less  firm  bondage  with  the  molecule  (Loew, 
Blum,  Blum  and  Vaubel,  Liebrecht,  Hopkins  and  Brook,  Hofmeister, 
Kurajeff  and  others),  and  according  to  the  method  of  procedure  we  can 
prepare  derivatives  having  various  but  constant  amounts  of  halogens  (Hop- 
kins and  Pinkus).  The  proteids  are  so  changed  that  they  do  not  split  off 
sulphur  on  treatment  with  alkali,  nor  do  they  respond  to  Millon's  reaction, 
nor  do  they  yield  tyrosin  as  a  cleavage  product.  This  is  ordinarily  ex- 
plained by  the  supposition  that  a  substitution  of  hydrogen  by  iodine  takes 
place  in  the  aromatic  tyrosin  nucleus;  but  according  to  Oswald  the  hetero- 
proteoses,  which  yield  only  very  little  tyrosin,  take  up  about  the  same 
quantity  of  iodine  as  the  protoproteoses,  which  yield  considerable  tyrosin. 
It  seems  as  if  the  iodine  was  united  to  other  groups  besides  the  tyrosin- 
yielding  atomic  complex.  By  the  action  of  iodine  an  oxidation  also  occurs, 
and  Schmidt  a  has  shown  that  a  continuous  splitting  off  of  amino  groups 
takes  place.  According  to  him  phenol  and  p-cresol,  cleavage  products  of 
tyrosin,  besides  benzoic  acid,  are  produced  by  the  oxidation  of  phenylamino- 
propionic acid. 

By  the  oxidation  of  proteid  by  means  of  potassium  permanganate  Malt  *  ob- 
tained an  acid,  oxyprotosulphonic  acid,  C  51.21,  H  6.89,  X  14.59,  S  1.77,  O  25.54 
per  cent,  which  is  not  a  cleavage  product,  but  an  oxidation  product  in  which  the 
group  SH  is  changed  into  SO, -OH.  This  acid  does  not  give  the  proper  color  reac- 
tion with  Millon's  reagent,  yields  no  tyrosin  or  indol,  but  gives  benzene  on 
fusing  with  alkali.  On  continuous  oxidation  Maly  obtained  another  acid,  per- 
oxyprotcic  acid,  which  gives  the  biuret  reaction,  but  is  not  precipitated  by  most 
proteid  precipitants.  The  oxyprotein  obtained  by  Schulz  4  on  the  oxidation 
of  proteid  by  hydrogen  peroxide  is  closely  related   to  oxyprotosulphonic  acid 

1  Salkowski,  Zeitschr.  f.  physiol.  Chem.,  12,  215,  and  27,  302;  Nencki  and  Bovet, 
Monatehefte  f.  Chem.,  10. 

7  Loew,  Joura.  f.  prakt.  Chem.  (N.  F.),  31;  Blum,  Munch,  med.  Wochenschr., 
1896;  Blum  and  Vaubel,  Journ.  f.  prakt.  Chem.  (N.  F.),  67;  Liebrecht,  Ber.  d.  deutsch. 
chem.  Gesellsch.,  30;  Hopkins  and  Brook,  Journ.  of  Physiol.,  22;  Hopkins  and  Pin- 
kus, Ber.  d.  deutsch.  chem.  Gesellsch.,  31;  Hofmeister,  Zeitschr.  f.  physiol.  Chem., 
24;  Kurajeff,  ibid.,  26;  Oswald,  Hofmeister's  Beitrage,  3;  C.  H.  L.  Schmidt,  Zeitschr. 
f.  physiol.  Chem.,  35,  36,  37. 

*  Sitzungsber.  d.  k.  Akad.  d.  Wissensch.  Wien,  91  and  97.  Also  Monatehefte  f. 
Chem.,  6  and  9.  See  also  Bondzynski  and  Zoja,  Zeitschr.  f.  physiol.  Chem.,  19; 
Bernert,  ibid.,  28. 

4  Zeitschr.  f.  physiol.  Chem.,  29. 
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in  composition  and  general  characteristics,  but  contains  lead-blackening  sulphur 
and  gives  Millon's  reaction.  The  oxyprotein  is  claimed  to  be  a  pure  oxida- 
tion product,  while  in  the  production  of  oxypfotosulphonic  acid  Schulz  claims 
that  a  cleavage  takes  place.  On  the  oxidation  of  gelatine  by  ferrous  sulphate 
and  hydrogen  peroxide  Blombnth al  and  Neubero  l  have  obtained  acetone  as  a 
product.  Jolles*  claims  to  have  obtained  large  quantities  of  urea  in  the  oxida- 
tion of  various  proteids  by  potassium  permanganate  in  acid  solution,  but  this 
has  been  disputed  by  other  investigators.  On  the  oxidation  of  proteid  in  acid 
liquids  volatile  fatty  acids,  their  aldehydes,  nitriles  and  ketones,  also  hydrocy- 
anic acid,  benzoic  acid,  and  other  bodies,  have  been  obtained. 

Nitric  acid  gives  various  nitro  products.  A  melanoidin  substance,  xantho- 
melanin,  has  been  obtained  by  v.  Furth.'  Habermann  and  Ehrenfeld4 
also  obtained  oxyglutaric  acid  among  other  products.  By  the  action  of  bromine 
under  strong  pressure  a  number  of  products  have  been  obtained:  bromanil  and 
tribromacetic  acid,  bromoform,  leucinimid,  leucin,  oxalic  acid,  tribromamino- 
benzoic  acid,  and  other  bodies.  With  aqua  regia,  fumaric  acid,  oxalic  acid,  chor- 
azol,  and  other  bodies  are  obtained.  The  recent  investigations  of  Habermann  and 
Ehrenfeld  and  Panzer*  upon  the  action  of  chlorine  upon  proteids  and  closely 
related  products  are  important. 

By  the  dry  distillation  of  proteids  we  obtain  a  large  number  of  decomposition 
products  having  a  disagreeable  burnt  odor,  and  a  porous  glistening  mass  of  carbon- 
containing  nitrogen  is  left  as  a  residue.  The  products  of  distillation  are  partly 
an  alkaline  liquid  which  contains  ammonium  carbonate  and  acetate,  ammonium 
sulphide,  ammonium  cyanide,  an  inflammable  oil  and  other  bodies,  and  a  brown 
oil  which  contains  hydrocarbons,  nitrogenized  bases  belonging  to  the  aniline  and 
pyridine  series,  and  a  number  of  unknown  substances. 

The  occurrence  of  protein  substances  which  contain  a  carbohydrate 

group  in   a   glucoside-like  combination  has  been  known  for  some  time. 

The  nature  of  this  carbohydrate,  which  can  be  split  off  by  acid  and  which 

may  amount  to  as  much  as  35  per  cent,  has  been  explained  chiefly  by  the 

investigations  of  Friedrich  Muller  a  and  his  students.     They  have  shown 

that  it  is  always  an  amino  sugar  and  generally  glucosamine.     That  also 

so-called  true  proteids  yield  a  carbohydrate  on  hydrolytic  cleavage  was 

first   shown    by  Pavy,  using   ovalbumin.     The    continued    investigations 

of  Fr.   Muller,  Weydemann,  Seemann,   Frankel,   Hopmeister,   and 

Langstein  7  have  demonstrated  that  in  these  cases  the  carbohydrate  is  also 

glucosamine.     A  carbohydrate  complex,  although  sometimes  only  to  a  very 

slight  amount,  has  also  been  detected  in  other  proteids,  ovoglobulin,  serglob- 

ulin,  seralbumin,  pea-globulin,  albumin  of  the  gramineae,  yolk-proteid,  and 

fibrin.    In  other  proteids,  on  the  contrary,  such  as  edestin  (of  the  hemp- 

1  Deutech.  med.  Wochenschr.,  1901. 

1  Zeitschr.  f.  physiol.  Chem.,  32  and  88. 

■See  Maly's  Jahresber.,  30,  24. 

'Zeitschr.  f.  physioL  Chem.,  36. 

'Habermann  and  Ehrenfeld,  Zeitschr.  f.  physiol.  Chem.,  32;  Panzer,  ibid.,  33 
ttdSl 

1  Muller,  Sitzber.  d.  Ges.  d.  Naturw.  zu  Marburg,  1896  and  1898,  and  Zeitschr.  f. 
Biologie,  42. 

1 1n  regard  to  the  literature  on  this  subject  see  the  work  of  Fr.  Muller,  Zeitschr. 
1  Biologie,  42,  and  Langstein,  Ergebnisse  der  Physiologic,  Jahrg.  I,  Abt.  1,  63. 
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seed)  and  casein,  myosin,  pure  fibrinogen,  and  ovovitellin,  carbohydrates 
have  been  Bought  Car  with  negative  results. '    All  proteids  hence  do 

in  a  carbohydrate  group,  and  future  investigators   must   then-fore 
decide  whether  the  carbohydrate  groups  be  itively  to  the  protoid 

complex  or  whether  they  are  only  united  with  the  proteid  as  impurities. 
(Several  observartiona  :  ahmv  'fiat  in  working  with  crystalline  proteids  a 
contamination  with  other  protein  substances  is  unfortunately  not  excluded, 
and  this  must  not  U»  foal  right  of,  especially  as  the  quantity  of  carbohy- 
drates obtained,  is  often  very  small.  In  the  present  state  of  our  knowl- 
edge we  are  not  warranted  in  considering  the  earl  ><>  hydrate  groups  as 
belonging  to  the  carbon  nucleus  produced  on  the  destruction  of  the  real 
proteid  complex. 

The  previously  mentioned  methods  used  in  studying  the  structure 
of  the  protein  substances  are  not  of  the  same  value,  but  they  in  part 
substantiate  earh  other.  Of  these  we  must,  mention  the  hydrolysis  by 
means  of  boiling,  dilute  mineral  acids,  or  by  proteolytic  enzymes,  as  the 

methods   for  obtaining   the  carbon  nuclei  in  the  protein  molecule. 
The  most  important  of  the  carbon  nuclei  obtained  are  as  follows: 

T.  The  Nuclei  belonging  to  the  Aliphatic  Series. 

A.  Sulphur  i'nr,  but  containing  nitrogen:  1.  A  guanidine  residue  (combined 
-with  omithin  as  argintn).  '2.  Monobasic  monamino  acidx:  (llycocoll  (amino. 
acid),  alanin  (ami  no  prop  ionic  acid),  aminovnl.  mum-  acid,  leucin  (isobutylaini  no- 
acetic  Mid),  serin  (oxyaminopropionic  acid).  3.  Bilnmc  rnonamino  acids: 
Aspartic  acid  (aininosucviuie  acid)  and  glutamic  acid  (aminoglutaric  acid). 
1.  Monobatie  limnnno  add?:  Diaminoacotic  acid  (?),  ornithin  (diaminovalerianie 
add)  and  lyrin  fdiaxnioooaproic  acid).  In  this  group  nv  nl-u  include  histidin, 
whi<h  Maim  to  be  an  aminoearbonic  add  Of  a  pyriinidinc  derivftth  i  •. 

B.  Sulphurized:  Cystrin  (anUDOthiolactic  :i.i<li  :aid  its  sulphide  cyatin  (diam- 
inodithiodilactylic  acid),  thiolactic  acid,  mereaptans,  and  ethyl  sulphide. 

II.  The  Nuclei  belonging  to  the  Carbocyclic  Series. 
Phenylaminopropionic  acid  and  tyrosin. 

IN.    The    Nuclei  belonging  to  the  Heterocyclic  Series. 

A.  Of  the  pyrrol  group:  Pyrrolidin  carbonic  acid  and  oxy pyrrol idin  carbonic 
add. 

It.  of  the  imlnl  group:  Tryptophan,  or  skatnlarninoacetie  acid  (skatol- 
acetic  acid,  skatolcarbouic  add,  md.il,  and  »katol  in  putrefaction).1 

In  regard  to  these  carbon  nuclei  it  mast  be  remarked  that  they  are 
not  all  found  in  every  protein  body  thus  far  investigated,  and  also  that 
the  one  and  the  same  cleavage  product,  such,  for  example,  as  glycocoll, 
leucin.  tyrosin  or  cyslin,  is  obtained  in  v--r\  variable  amounts  from  differ- 
ent protein  substances.  It  is  very  difficult  to  say  to  what  extent  all 
the  above-mentioned  carbon  nuclei  axial    in   the  protein   molecule.      Still 

M  foot-note  7,  page  23. 

hmann.  ZdUofar.  f.   phyntul.   Obein  ,  23,    and   N.  Schulz,  Die  Grusse  deft 
I  i  •  :   MB    I     ids.  Jena.  1903,  61. 

1  According  to  certain  observations  a  pyridine  nucleus  also  exists  in  the  proteid. 
Sec  Louw,  Journ.  i.  prakt,  Chem.,  31;  Sainuch ,  Hoftnebter'g  Beit  rap  .  - 
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the  fact  is  not  excluded  that  in  the  hydrolysis  certain  carbon  nuclei  may 
be  secondarily  formed  from  others.  We  cannot  exclude  the  possibility, 
as  suggested  by  Loew,1  that  in  the  hydrolysis  a  marked  atomic  displace- 
ment perhaps  occurs  before  cleavage,  and  for  this  reason  two  carbon  nuclei, 
such  as  leucin  and  lysin  or  tyrosin  and  phenylalanin,  may  be  produced 
from  the  same  atomic  groupings,  each  according  to  the  nature  of  the 
neighboring  groups. 

Even  if  we  admit  the  above,  still  it  is  undoubtedly  true  that  the  * 
chief  cleavage  products  of  the  protein  substances  are  amino  acids.  As 
Hofmeister,*  from  chemical  considerations,  has  explained,  we  can  also 
consider  the  proteids  as  chiefly  formed  by  condensation  of  amino  acids 
where  the  amino  acids  are  united  to  each  other  by  means  of  imino 
groups  according  to  the  following  scheme: 

— NH.CH.CO— NH.CH.CO NH.CH.CO— NH.CH.CO— 

C4H„  CH,.C«H4(OH)    CH,.COOH    C,He.CHa.NHa 

(Laumn)  (Tyroein)  (Aspartio  Mid)  (Lysin) 

Closely  connected  with  the  above  is  the  question  as  to  how  far  is  it 
possible  to  prepare  proteid-like  substances  synthetically.  In  this  con- 
nection we  must  mention  that  Grimaux  and  then  also  Schutzenberqer 
and  Pickering  have  been  able  to  prepare  substances  which  in  many  prop- 
erties are  similar  to  the  proteids  from  various  amino  acids  either  alone 
or  mixed  with  other  bodies  such  as  biuret,  alloxan,  xanthine,  or  ammo- 
nia. Of  much  greater  interest  is  the  chaining  together  of  amino  acids, 
as  performed  by  Curtius  and  especially  by  E.  Fischer.8  This  last  inves- 
tigator has  succeeded  in  preparing  complex  bodies  called  by  him  di-  or 
polypeptides  by  uniting  two  or  more  amino  acid  groups.  For  example, 
glycylglycin  and  glycylalanin  anhydride  are  dipeptides.  As  an  example 
of  the  polypeptides  we  must  mention  the  carbethoxyldiglycylleucin  ester 
and  the  carbethoxyltriglycylglycin  ester,  in  which  4  glycin  molecules  are 
united  in  anhydride  form.  Several  of  these  synthetically  prepared  bodies 
give  the  biuret  reaction,  and  they  may  be  considered  as  the  beginning  of  a 
proteid  synthesis. 

It  is  at  present  impossible  to  decide  on  a  proper  classification  of  the  protein 
substances.  A  grouping  based  upon  their  chemical  constitution  is  not  pos- 
sible, and  their  general  properties,  solubilities,  and  precipitation  properties 

'Loew,  Die  chem.  Energie  d.  lebenden  Zellen,  Miinchen,  1898,  and  Hofmeister's 
Betrage,  1. 

'"Uber  den  Bau  des  Eiweissmolekuls."  G esellac h.  Deutsch.  Naturforscher  und 
■irtze,  Verhandl.  1902,  and  Ergebnisse  der  Physiologie,  Jahrg.  I,  Abt.  1,  759. 

'See  Pickering,  King's  College,  London,  Physiol.  Lab.  Collect.  Papers,  1897,  which 
also  cites  Grimaux 's  work;  also  Journ.  of  Physiol.,  18,  and  Proceed.  Roy.  Soc.,  60, 
1897;  Schutzenberger,  Compt.  rend.,  106  and  112;  Curtius,  Journ.  f.  prakt.  Chem., 
28;  E.  Fischer,  Ber.  d.  d.  chem.  Gesellsch.,  35  and  36. 
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are  too  uncertain  to  aid  us  in  this  connection.  On  the  other  hand  a  classifi- 
cation is  important,  and  we  cannot  do  without  one,  so  we  will  give  the  follow- 
ing systematic  summary  of  the  chief  groups  of  the  protein  bodies  as  suggested 
fay  Hoppe-Seyleb  and  Drechsel,  which  will  be  of  some  aid  to  us. 

I.  Simple  Proteids  or  Albuminous  Bodies. 

. ..       .  j  Seralbumin, 

(  Lactalbumin,  and  others. 

f  Fibrinogen, 
Myosin, 
Serglobulins,  and  others. 

Nucleoalbumins. \  ~      .. '  .  ,     ,, 

( Ovovitellin,  and  others. 

....  f  Acid  albuminate, 

\  Alkali  albuminate. 

Proteoses  (and  Peptones). 

\  Proteids  coagulated  by  heat,  and  others. 
(Protamins  and  Histons). 


n.  Compound   Proteids. 


Haemoglobins. 
Glucoproteids. 


Mucins  and  Mucinoids, 

■  Amyloid, 

Ichthidin,  and  others. 
w    .  . .  ( Nucleohi8ton, 

( Cytoglobin,  and  others. 

III.  Albumoids  or  Albuminoids. 

Keratins. 

Elastin. 

Collagen. 

Reticulin. 

(Fibroin,  Sericin,  Cornein,  Spongin,  Conchiolin,  Byssua,  and  others.) 

To  this  summary  must  be  added  that  we  often  find  in  the  investigations 
of  animal  fluids  and  tissues  protein  substances  which  do  not  coincide  with 
the  above  scheme,  or  do  so  only  with  difficulty.  At  the  same  time  it  must 
be  remarked  that  bodies  will  be  found  which  seem  to  rank  between  the 
different  groups,  hence  it  is  very  difficult  to  sharply  divide  these  groups. 

I.  Simple  Proteids  or  Albuminous  Bodies. 

The  simple  proteids  are  never-failing  constituents  of  the  animal  and 
vegetable  organisms.  They  are  especially  found  in  the  animal  body,  where 
they  form  the  solid  constituents  of  the  muscles,  and  the  blood-serum,  and 
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they  are  so  generally  distributed  that  there  are  only  a  few  animal  secre- 
tions and  excretions,  such  as  the  tears,  perspiration,  and  perhaps  urine, 
in  which  they  are  entirely  absent  or  only  occur  as  traces. 

All  proteids  contain  carbon,  hydrogen,  nitrogen,  oxygen,  and  sulphur;1 
a  few  contain  also  phosphorus.  Iron  is  generally  found  in  traces  in  their 
ash,  and  it  seems  to  be  a  regular  constituent  of  a  certain  group  of  the 
albuminous  bodies,  namely,  the  nucleoalbumins.  The  composition  of 
the  different  albuminous  bodies  varies  a  little,  but  the  variations  are  within 
relatively  close  limits.  For  the  better  studied  animal  proteids  the  follow- 
ing composition  of  the  ash-free  substance  has  been  given: 

C 50.6  —£4.5    per  cent. 

H 6.5  —  7.3 

N 15.0  —17.6 

S 0.3  —  2.2 

P 0.42—  0.85 

0 21.50—23.50 

The  animal  proteids  are  odorless,  tasteless,  and  ordinarily  amorphous. 
The  crystalloid  spherules  (DotterpldUcheri)  occurring  in  the  eggs  of  certain 
fishes  and  amphibians  do  not  consist  of  pure  proteids,  but  of  proteids 
containing  large  amounts  of  lecithin,  which  seem  to  be  combined  with 
mineral  substances.  Crystalline  proteids 3  have  been  prepared  from  the 
seeds  of  various  plants,  and  lately  crystallized  animal  proteids  (see  seral- 
bumin and  ovalbumin,  Chapters  VI  and  XIII)  have  also  been  prepared. 
In  the  dry  condition  the  proteids  appear  as  white  powders,  or  when  in 
thin  layers  as  yellowish,  hard,  transparent  plates.  A  few  are  soluble 
in  water,  others  only  soluble  in  salt  or  faintly  alkaline  or  acid  solutions, 
while  others  are  insoluble  in  these  solvents.  All  proteids  when  burnt 
leave  an  ash,  and  it  is  therefore  questionable  whether  there  exists  any 
proteid  body  which  is  soluble  in  water  without  the  aid  of  mineral  sub- 
stances. Nevertheless  it  has  not  been  thus  far  successfully  proved  that 
a  native  proteid  body  can  be  prepared  perfectly  free  from  mineral  sub- 
stances without  changing  its  constitution  or  its  properties.8 

The  proteids  do  not  diffuse  through  animal  membranes  or  do  so  only 
to  a  very  slight  extent,  and  hence  have  in  most  cases  a  pronounced  col- 
loidal nature  in  Graham's  sense.  As  colloids  they  can,  like  other  pro- 
tein substances,  to  a  more  or  less  degree,  prevent  the  precipitation  of  a 

1  See  foot-note  4,  page  19. 

'See  Maachke,  Journ.  f.  prakt.  Chem.,  74;  Drechsel,  ibid.  (N.  F.),  19;  Grubler, 
ibid.  (N.  P.),  23;  Ritthausen,  ibid.  (N.  F.),  25;  Schmiedeberg,  Zeitschr.  f.  physiol. 
Chem.,  1;  Weyl,  ibid.,  1. 

'  See  E.  Harnack,  Ber.  cL  d.  chem.  Gesellsch.,  22,  23,  25,  and  31;  Werigo,  Pfluger'a 
Arehiv,  48;  Bulow,  iUd.,  58;  Schulz,  Die  Grosse  des  Eiweissmolekiils,  Jena,  1903. 
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pnlloiri.il  metallic  solution  (gold  solution)  by  means  of  an  electrolyte  (.* 
gold  equivalent  according  to    Zsigmondy  and   Schulz).1      The  proteids 
are  optically  active  and  rotate  the  plane  of  polarization  to  the  left. 

Although  certain  of  the  proteids,  i.e.  casein,  have  an  acid  character, 
others  on  the  contrary,  like  the  histons,  have  a  morn  pronounced  basic 
character;  still  the  protcids  may  be  considered  as  amphoteric  electrolytes, 
i.e.  they  may  functionate  as  weak  aciils  as  well  as  weak  bases,  and  they 
yield  salts  which  are  strongly  hydrolytically  dissociated.  The  acid-com- 
bining power  of  various  protcids  is  different  and  the  maximum  acid-com- 
_  power  may  perhaps  also  be  used  in  the  differentiation  of  the  vari- 
ous prnteids  (COHNBKXM,  EBB,  and  others). 

The  acid-combining  power  of  the  proteids  has  been  studied  according  to 
physical   niciliu.  ioquxbt,  Bi'oarsky,  and   Likukkma.nn  and  by  chemical 

methods  by  Snuo  and  Pimbbl,  Erh,  Cohsbbiii  and  Kkiroer,  v.  Khorrr. 
Tin-  incthooi  pursued  by  OOHNBDH  and  Kkikgkr  consisted  in  precipitating 
Ui<  proteid  from  acid  solution  (HO)  with  an  alkaloid  reagent  (calcium  phos- 
I'li"iiingatatc).  Tlie  reaction  took  place  as  follows:  proteid  hydrochlonde-f- 
calcium  phosphofungstate  -proteid  pnosphotungstate  +  calcium  chloride.  The 
arid  remaining  in  the  filtrate  was  determined,  and  when  this  quantity  was  sub- 
tracted from  the  known  original  amount  in  the  pn<  itiou,  the  di(T>  i 
repn  rented  the  acid  combined  with  the  proteid.  If  sodium  picrate  or  potassium- 
mercuric  iodide  is  used  instead  of  the  phosphotungstate  we  have,  according  to 
v    RaottB,3  a  method  which  is  the  best  of  all  heretofore  suggested. 

The  proteids  can  be  salted  out  from  their  neutral  solution  by  neutral 
salts  (Nad,  NaySO,,   IfgSO*  (XHJ:S04,  and  many  others)  in  ERlffieleof 

itratiuns.  While  by  other  precipitants  they  are  often  change 
modified,  their  properties  remain  unchanged  on  salting  out  and  the  proc- 
reversible,  as  on  diminishing  the  concent  ration  of  the  salt  the  pre- 
cipitate redissolves.  The  various  protcids  act  essentially  different  towards 
the  same  salt,  which  is  of  the  greatest  importance  in  the  separation  of 
the  i  Tor  one  and  the  same  proteid  the  behavior  towards  differ- 

ent  neutral  salts  ia  different,  as  some  cause  a  precipitate,  while  others 
on  the  contrary  do  not  precipitate. 

leeonttng  to  l'.uu.i  *  this  ran  be  explained  by  the  fact  that  we  have  to  do 
R  th  k>n  action  and  that  the  ]  ion  action  is  the  algebraic  sum  of  the  antago- 

propertiei.     If  we  ascribe  the    precipitating  action  to  the  cations   R 
retarding  BCtlOO  Upon  precipitation  1"  the  anions,  then,  according  as  a  salt  lias 
the  positive  oationa  or  the  ncLMtiv  anions  in  excess,  we  obtain  a  precipitation 
action  or  oot  or  it  is  eeoeleratea  or  retarded. 

Those  proteirls  which  occur,  according  to  the  common  views,  preformed  in 
the  animal  fluids  and  tissues  and  which  have  been  isolated  from  these  by 

'  Hofmebter'a  Beftxige,  3. 

1  Pfliiger's  Arch  ,  90.  In  regard  to  the  literature  on  this  subject  see  Cohnheira, 
Chemie  der  Eiweisskiirper,  pages  22  and  27. 

'  S^.  Qohnhfifan,  1.  c,  page  12;  Pinkus,  Joum.  of  Physiol.,  27;  Pauli,  Hofmeistcr'a 
Battrtge,  ^.  226;  Bpfro,  EofosfaUr'a  Beitrage, 4. 

'  Pauli,  Bofmeister's  Beitrage,  3. 
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indifferent  chemical  means  without  loosing  their  original  properties  are 
called  native  proteids.  New  modification."  having  other  properties  can 
be  obtained  from  the  native  proteids  by  heating,  by  the  action  of  various 
chemical  reagents  such  as  acids,  alkalies,  alcohol,  and  others,  as  well  as  by 
proteolytic  enzymes.  These  new  proteids  arc  called  modified  ("  donate* 
id*,  to  differentiate  (bra  from  the  native  proteida  in  the 
ie  given  on  page  26  the  albumins,  globulins,  and  nucleoallmmins 
belong  to  the  native  proteids  and  the  Mid  or  alkali  albuminates,  the  pro- 
teoses, the  peptones,  and  the  coagulated  proteid  to  the  modified  proteids. 

On  heating  a  solution  of  a  native  proteid  it  is  modified  at  various 
temperatures,  depending  upon  the  different  proteid  present.  With  proper 
reaction  and  other  favorable  conditions,  for  instance  in  the  presence  of 
neutral  salts,  most  proteids  can  in  this  way  be  precipitated  in  a  solid  form 
as  coagulated  proteid.  The  various  temperatures  at  which  a  coagula- 
tion of  different  proteids  occurs  in  neutral  solutions  containing  salt,  have 
in  many  cases  given  us  g  me  for  detecting  and  separating  several 

proteid^.  The  rieWB  in  regard  to  the  use  of  these  means  are  somewhat 
<iivi«l 

A  modification  can  be  brought  about  also  by  the  action  of  acids,  alka- 

.  ir  salts  of  the  heavy  metals,  in  certain  cases  by  water  alone,  also  by 

the  action  of  alcohol,  chloroform,'  and  ether  and  by  violent  shaking,  etc. 

The  general  reactions  for  the  proteids  are  very  numerous,  but  only  the 
most  important  will  be  given  here.  To  facilitate  the  study  of  these  they 
have  been  divided  into  the  two  following  groups: 

A.  Precipitation  Reactions  of  the  Proteid  Bodies. 

1.  Coagulation  Test.  An  alkaline  proteid  solution  does  not  coagulate 
on  boiling,  a  neutral  solution  only  partly  and  incompletely,  and  the  reaction 
must  therefore  be  acid  for  coagulation.  The  neutral  liquid  is  first  boiled 
and  then  the  proper  amount  of  acid  added  carefully.  A  flocculent  precipi- 
tate b  formed,  and  if  properly  done  the  filtrate  should  be  water-clear.  If 
dilute  acetic  acid  be  used  for  this  test,  the  liquid  must  first  be  boiled  and 
then  1,  2,  or  3  drops  of  acid  added  to  each  10-15  c.c,  depending  on  the 
amount  of  proteid  present,  and  boiled  before  the  addition  of  each  drop.  If 
dilute  nitric  acid  be  used,  then  to  10-15  c.c.  of  the  previously  boiled  liquid 

•See  Halliburton,  Journ.  <>t  PhjaoL,  .*»  and  11;  Corin  and  Berard,  Bull,  de  I'Acad. 
roy.  de  Belg.,  15;  Haycraft  and  Duggan,  Brit.  Med.  Journ.,  1800,  and  Proc.  Roy. 
8m.  Edin..  1880;  Corin  and  Ansiaux,  Bull,  de  l'Acad.  roy.  de  Bdg.,  21;  L.  Frddericq, 
Centralbl.  f.  Physiol..  3;  Hayemft,  ibid  ,  4;  Hewlett.  Journ.  of  Physiol .,  13;  Duclaux, 
Anna'  Pasteur,  7.     In  regard  to  the  relationship  of  the  neutral  salts  to  the 

heat  coagulation  of  albumins  see  also  Ptarkc,  Sitzungsber.  d.  Gesellsch.  f.  Morph.  u. 
Physiol,  in  Miinchen,  1897;    Pauli,  Pfluger's  Arch.,  78. 

kowski,  Zeitschr.  f.  physiol.  Chem.,  31;  Fr.  Kriiger,  Zeitschr.  f.  Biologie, 
41;  Ixxjw  and  Aso,  Bull.  ColL  Agric.  Tokio,  4. 
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15-20  drops  of  the  acid  must  be  added.  If  too  little  nitric  acid  be  added,  a 
soluble  combination  of  the  acid  and  proteid  is  formed,  which  is  precipitated 
by  more  acid.  A  proteid  solution  containing  a  small  amount  of  salts  must 
first  be  treated  with  alxmt  I  per  cent  NaCl,  since  the  heating  test  may  fail, 
especially  on  using  acetic  acid,  in  the  presence  of  only  a  slight  amount  of 
proteid.  2.  Behavior  towards  Mineral  Acids  at  Ordinary  Temperatures. 
The  proteids  are  precipitated  by  the  three  ordinary  mineral  acids  and  by 
metaphosphoric  acid,  but  not  by  orthophosphoric  acid.  If  nitric  acid  bo 
placed  in  a  test-tube  and  the  proteid  solution  be  allowed  to  flow  gently 
thereon,  a  white  opaque  ring  of  precipitated  proteid  will  form  when*  i  ho 
two  liquids  meet  (Heller's  albumin  test).  3.  Precipitation  by  Metallic 
Salts.  Copper  sulphate,  neutral  and  basic  lead  acetate  (in  small  amounts), 
mercuric  chloride,  and  other  salts  precipitate  proteid.  On  this  is  based  the 
use  of  proteids  as  antidotes  in  poisoning  by  metallic  salts.  4.  Precipitation 
by  Ferro-  or  Ferricyanide  of  Potassium  in  Acetic-acid  Solution.  In  these 
tests  the  relative  quantities  of  reagent,  proteid,  or  acid  do  not  interfere  with 
the  delicacy  of  the  test.  5.  Precipitation  by  Neutral  Salts,  such  as  NajSO, 
or  NaCl,  when  added  to  saturation  to  the  liquid  acidified  with  acetic  acid 
or  hydrochloric  acid.  6.  Precipitation  by  Alcohol.  The  solution  must  not 
be  alkaline,  but  must  be  either  neutral  or  faintly  acid.  It  must,  at  the 
same  time,  contain  a  sufficient  quantity  of  neutral  salts.  7.  Precipitation 
by  Tannic  Acid  in  acetic-acid  solutions.  The  absence  of  neutral  salts  or  the 
presence  of  free  mineral  acids  may  prevent  the  appearance  of  the  precipitate, 
but  after  the  addition  of  a  sufficient  quantity  of  sodium  acetate  the  precipi- 
tate will  in  both  cases  appear.  8.  Precipitation  by  Phosphotungstic  or 
Phosphomolybdic  Acids  in  the  presence  of  free  mineral  acids.  Potassium- 
mercuric  iodide  and  potassium-bismuth  iodide  precipitate  proteid  solutions 
acidified  with  hydrochloric  acid.  9.  Precipitation  by  Picric  Acid  in  solu- 
tions acidified  by  organic  acids.  10.  Precipitation  by  Trichloracetic  Acid 
in  2-5  per  cent  solutions,  and  11,  by  Salicylxulplumic  Acid.  The  proteids  are 
precipitated  by  nucleic  acid,  taurocholic  and  chondroitin-sulphuric  acid  in 
acid  solutions. 


B.  Color  Reactions  for  Proteid  Bodies. 

1.  M  {Ron's  Reaction.1  A  solution  of  mercury  in  nitric  acid  containing 
some  nitrous  acid  gives  a  precipitate  with  proteid  solutions  which  at  the 
ordinary  temperature  is  slowly,  but  at  the  boiling-point  more  quickly, 
colored  red;  and  the  solution  may  also  be  colored  a  feeble  or  bright 
red.     Solid  albuminous  bodies,  when  treated  by  this  reagent,  give  the  same 

1  The  reagent  is  obtained  in  the  following  way :  1  pt.  mercury  is  dissolved  in  2  pts. 
nitric  acid  (of  sp  gr.  1  42),  first  cold  and  then  warmed.  After  complete  solution  of 
the  mercury  add  1  volume  of  the  solution  to  2  volumes  of  water.  Allow  this  to  stand 
a  few  hours  and  decant  the  Bupematant  liquid. 
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coloration.     This  reaction,  which  depends  on  the  presence  of  the  aromatic 
group  in  the  proteid,  is  also  given  by  tyrosin  and  other  monohyl 
beruenc  derivatives.    According  to  0.  Xasse  '  it  is  best  to  use  a  solution 
of  mercuric  acetate  wliich  is  treated  with  a  few  drops  of  a  1  per 
solution  of  potassium  or  sodium  nitrite;   previous  to  use   a   few  drops 
of  acetic  acid  are  added.      2.  Xanthoproteic  Bsaaffefl*     With  strong  nitric 
albuminous    bodies    give,    00    heating    to    boiling,   yellow  flakes 
or  a  yellow  solution.     After  saturating  with  ammonia  or  alkalies  the  color 
becomes  orange-yellow.     3.  Adamkietoicz'*  Reaction.     If    a   little   proteid 
is  added  to  a  mixture  of  1  vaL  concentrated  sulphuric  acid  and  2  vols, 
glacial  acetic  Bad  a  reddish-violet  color  is  obtained  slowly  at  ordinary 
peratures,  but  more  quickly  on  heating.     According  to  Hopkins  an!  | 

reaction  only  takes  place  in  using  glacial  acetic  acid  containing  gly- 
oxvlic  acid.     According  to  them  it  is  better  to  use  a  solution  of  glyoxylic 
A  dilute  aqueous  solution  of  the  acid  or  some  of  the  solid  acid  is 
added  to  the  proteid  solution  and  sulphuric  acid  allowed  to  flow  down  the 
ride  of  the  test-tube,  when  the  reddish-violet  color  will  appear  at  the  point  of 
contact  of  the  two  liquids.     Gelatine  does  not  give  this  reaction.     4.  Biuret 
Utl.    If  a  proteid   solution   be  first   treated   with  caustic  potash   nr  soda 
and  then  a  dilute  copper  sulphate  solution  be  added  drop  by  drop,  first 
» reddish,  then  a  reddish-violet,  and  lastly  a  violet-blue  color  is  obtained. 
roteidfl  are  soluble  on  heating  with  concentrated  hydrochloric  an'!,  pro 
fading  a  violet  color,  and  when  they  are  previously  boiled  with  alcohol 
ami  then  washed  with  ether  (LrjBBEBMAHN  *)   they  give  a  beautiful  blue 
ion.     6.  With  concentrated  sulphuric  acid  and  sutjar  (in  small  quanti- 
ties) the  albuminous  bodies  give  a  beautiful  red  coloration.4 

Many  of  these  color  reactions  are  obtained  as  shown  by  BauBOHOB1  by  the 
vomatic  or  heterocyclic  cleavage  products  of  the  protetda.  Millon's  reaction 
m  only  obtained  by  the  substances  of  the  phenol  group;  the  Xanthoproteic 
reaction  l,y  the  phenol  group  and  akatol  or  skatolcarhonic  acid.  I.ikhkhmann's 
taction  is  not  pveo  of  the  aromatic  splitting  products.     Aoamkiewicz's 

taction  is  only  given  by  the  indol  group,  especially  skatolcarhonic  acid.  Lia- 
bouumn's  reaction,  as  well  as  the  reaction  with  sulphuric  add  and  sugar,  seems 
M  least  to  be  a  furfurol  reaction.      The  biuret  reaction  is  not  only  given  DJ 

-instances  but.  also  by  many  other  bodies.    According  to  H.  Schtw*  thie  n 
lion  occurs  with  those  bodies  containing   two  amino  groups,  COM!,,  (/SMI,, 
inited  either  directly  by  tb  i  atoms  or  by  means 

of  a  third  carbon  or  nitrogen  atom.     As  examples  of  such  bodies  we  can  mention 


1  SeeO.  Xasec,  Sitzungsl).  d  Naturfonch.  GeseHseh.  iu, Halle,  1879,  and  Pfluger'a 
Arrh.,  83;  see  aba  1  and  Blum,  Joum.  f.  prakt.  Chem.  (N.  I'.\  57. 

'Proceed.  Roy.  Boc.,  68. 

•  Centralbl.  f.  d.  mod.  Wissensch.,  1887;  see  also  Cole,  Joum.  of  Physiol.,  30. 

1  In  regard  to  the  precipitation  and  coloration  reactions  of  proteid*  with  anilino 
djasM  M.  Heidenhain,  Pfluger'a  Arch.,  90  and  06. 

•Zeitachr.  f.  phynoL  Chem.,  12. 

1  lier.  d.  d.  chem.  GeseUsch.,  20  and  30. 
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i  uminoamidetj  surh  as  oxaaride,  biuret,  glyrinamide,  a-  and  ft- 
aminobutyraraido,  aapartic  acid  amide,  eta  Hm  Marat  reaction  alone  Is  there- 
fore  no  proof  at  to  the  protend  nature  of  a  substance,  for  example,  urobilin  gives 
a  very  similar  color  reaction,  and  a  protein  substance  can  still  retain  its  protein 
aatHI<Sj  KB  by  the  action  of  nitrous  acid  or  by  a  splitting  off  of  ammonia,  although 
it  does  not  give  the  biuret  reaction. 

The  delicacy  of  the  various  reagents  differs  f<>r  the  different  proteidfi,  and 
on  this  account  it  is  impossible  to  give  the  degree  of  delicacy  for  each  reac- 
tion for  all  proteids.     Of  the  precipitation  reactions  Heller's  test  (if  we 

eliminate  the  peptones  and  certain  proteoses)  is  recommended  in  the  first 
place  for  its  delicacy,  though  it  is  not  the  most,  delicate  reaction,  and  because 
it  can  be  performed  so  easily.  Among  the  precipitation  reactions,  that 
with  basic  lead  acetate  (when  carefully  and  exactly  executed)  and  the 
■ns  (h  7,  8,  9,  and  11  are  the  most,  delicate.  The  color  reactions  1  to 
4  show  great  delicacy  in  the  order  in  which  they  are  given. 

No  proteid  reaction  is   in   itself  characteristic,  and,  therefore,  in 
bag  for  proteids  one  reaction  is  not  snlhcient,  but  a  number  of   precit 
tation  and  color  reactions  must  be  employed. 

lor  the  quantitative  estimation  of  coagulable  proteids  the  determina- 
tion by  boiling  with  acetic  add  can  Ik?  performed  with  advantage,  sine,  \n 

rating  carefully,  it  gives  exact  results.  Treat  the  proteid  solution  with 
a  1-2  per  cent  common-salt  solution,  or  if  the  solution  contains  large  amounts 
of  proteid  dilute  with  the  proper  quantity  of  the  above  salt  solution,  and 
can-fully  neutralize  with  acetic  acid.  .Now-  determine  the  quantin 
of  acetic  acid  necessary  to  completely  precipitate  the  proteids  in  small 
measured  portions  of  the  neutralized  liquid  which  have  previously  been 
heated  on  the  water-bath,  so  that  the  filtrate  does  not  respond  to  Hi:l- 
LES'fl  test  Now  warm  a  larger  weighed  or  measured  quantity  of  the 
liquid  on  the  water-bath,  and  add  gradually  the  required  quantity  of  acetic 
arid,  with  constant  stirring,  and  continue  heating  for  some  time.  Kilter, 
wash  with  water,  extract,  with  alcohol  and  then  with  ether,  dry,  weigh, 
incinerate,  and  weigh  again.  With  proper  work  the  filtrate  should  not  give 
Hkli.ku's  test.  Tills  method  serves  in  most  cases,  arid  especially  so  in 
cases  where  other  bodies  are  to  be  quantitatively  estimated  in  the  filtrate. 

The  precipitation  by  means  of  alcohol  may  also  be  used  in  the  OUBD* 
tit;.  ^nation  of  proteids.     The  liquid  Is  first  carefully  neutralized. 

treated  with  some  .NaCI  if  necessary,  and  then  alcohol  added  until  the 
solution  contains  70-80  vol.  per  cent  anhydrous  alcohol.  The  precipitate 
is  collected  on  a  filter  after  24  hours,  extracted  with  alcohol  and  ether, 
dried,  weighed,  incinerated,  and  again  weighed.  This  method  is  only 
app  i  liquids  which  do  not,  contain  any  other  substances,  like  glyco- 

gen, which  are  insoluble  in  alcohol. 

In  both  of  these  methods  small  quantities  of  proteid  may  remain  in   I 
filtrates.     These   tracer    mav   be   determined   as   follows:    Concentrate    the 
filtrate  sufficiently,  remove  BO  ited  fat   by  shaking  with  ether,  and 

then  precipitate  with  (ami  Approximately  63  per  cent  of  the  tannic 

acid  precipitate,  washed  with  cold  water  and  then  dried,  may  be  considered 

as  proteid. 

In  many  cases  good  results  may  be  obtained  by  precipitating  all 
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proteid  with  tannic  acid  and  determining  the  nitrogen  in  the  washed  pre- 
cipitate by  means  ldahl's  On  multiply 
of  nitrogen  found  by  8.25  we  obtain  the  quantity  of  proteid. 

The  removal  of  proteids  fn>ni  a  solution  may  m  most  '      '     I 
by  boiling  w.th  acetic  acid.     Small  amounts  of  proteid  which  remain  in  the 
filtrates  may  be  sepa  ated  by   boiling  with  freshly  precipitated  lead  car- 
bonav  ate,  as  described  by  BoFMBBTKH.       If  the  li<|iii'l 

cannot  be  boiled .  the  proteid  may  be  precipitated  by  the  very  careful 
tion  of  lead  acetate,  or  by  the  addition  of  alcohol.     If  the  liquid  Contains 
substances  which  are  precipitated  by  alcohol.  such  as  glycogen,  then  the 
proteid  maybe  removed  by  the  alternate  addition  of  potassium-mercuric- 
and  hyi  lo  acid  (see  Chapter  VIII,  on  Glycogen  Estimation), 

or  also  by  trichloracetic  acid  as  suggested  by  Odermayer  and  Fhankel.1 

In  the  precipitation  of  proteid  as  well  as  the  quantitative  estimation  by  means 
«f  heat,  it  must  be  borne  in  mind,  as  shown  by  Spiko,'  that  several  nitrogenous 
substance*,  such  as  piperidine,  pyridine}  urea,  etc.,  disturb  the  coagulation  of  the 


Synopsis  of  the  Most  Important  Properties  of  the  Different  Chief  Groups 

of  Proteids. 

As  it  is  not  possible  to  base  the  classification  of  the  different  proteid 
groups  according  to  their  constitution,  we  are  obliged  to  make  use  of  their 
different  s<  Litaee  and  precipitation  properties  in  their  general  characteriza- 
tion. As  ousts  no  sharp  difference  between  the  various  groups  in 
thia  regard  it  is  impossible  to  draw  a  sharp  line  between  then 

Albumins.  These  bodies  are  soluble  in  water  and  arc  not  precipitated 
by  the  addition  of  a  i  or  alkali.     They  are  precipitated  by  the 

addition  of  large  quantities  of  mineral  acids  or  metallic  salts.  Their  solu- 
tion m  water  coagulates  on  boiling  in  the  presence  of  neutral  salts,  but  a 
weak  saline  solution  does  not.  If  Nad  or  MgS04  ii  added  to  saturation 
to  a  neutral  solution  in  water  at  tho  normal  temperature  or  nl  30°  0.  no 
precij  formed;  but  if  acetic  acid  is  added  to  this  saturated  solution 

the  albumins  readily  separate.  When  ammonium  sulphate  is  added  in 
aibstance  to  saturation  to  an  albumin  .solution  a  complete  precipitation 
occurs  at  ordinary  temperature.  Of  all  the  native  proteidfl  the  albumins 
are  the  richest  in  sulphur,  containing  from  l.G  per  cent  to  2.2  per  cent. 

Globulins.  Tlie.se  substances  arc  insoluble  in  water,  but  dissolve  in 
dilute  neutral  salt  solutions.  The  globulins  are  precipitated  unclianged 
from  these  solutions  by  sufficient  dilution  with  water,  and  on  heating  they 
coagulate.  The  globulins  dissolve  in  water  on  the  addition  of  very  little 
acid  or  alkali,  and  on  neutralizing  the  solvent  they  precipitate  again. 

The  solution  in  a  minimum  amount  of  alkali  is  precipitated  by  carbon 

bum.,  2  arv.J  I 
- ■•rmiiyrr,  i.  Jahrbucher,  1838;  Frankel,  Pfluger'n  Arch,  52  and  60. 

•ZeiUchr.  f.  phyaiol.  Cbcan.,  30. 
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dioxide,  but  the  precipitate  may  be  redissolved  by  an  excess  of  the  precipi- 
tant. The  neutral  solutions  of  the  globulins  containing  salts  are  partly  or 
completely  precipitated  on  saturation  with  NaG  or  MgSO,  in  substance  at 
normal  temperatures.  The  globulins  are  completely  precipitated  by  half- 
saturating  with  ammonium  sulphate.  The  globulins  contain  an  average 
amount  of  sulphur,  generally  not  below  1  per  cent. 

A  sharp  line  cannot  be  drawn  between  the  globulins  and  albumins  as  shown 
by  the  properties  of  the  serglobulins.  The  same  is  true  between  the  globulins 
and  the  albuminates.     Several  globulins  M  "lily  changed  by  tiie  action  of 

very  little  acid,  as  also  by  standing  under  water  when  in  a  precipitated  condition, 
albuminates,  and  then  become  insoluble  in  neutral  salt  solutions.  Osborne/ 
who  has  closely  ftudifld  Mlh  property  in  connection  with  edestin  (from  hemp- 
seed),  considers  the  globulin,  "globan,"  which  has  been  made  lOBQlubla  in  salt 
solution,  as  an  intermediate  step  in  the  formation  of  the  albuminate  which  is  pro- 
duced by  the  hydrolyttc  action  of  the  II  ions  nf  wider  or  of  the  acid.  According 
to  J.  Starke  j  the  globulins  are  not  soluble  in  dilute  salt  solutions,  but  form  alkali 
proteid  compounds  whose  solubility  in  salts  is  brought  about  by  an  increase  in 
the  free  OH  ions  produced  by  the  salts.  This  view  is  not  tenable  for  several 
globulins  and  seems  in  fact  not  to  be  well  founded. 

Nucleoalbumins.  This  group  of  phosphorized  proteids  is  found  widely 
diffused  in  both  the  animal  and  vegetable  kingdoms.  The  nucleoalbumins 
behave  like  weak  acids;  they  are  nearly  insoluble  in  water,  but  dissolve 
easily  with  the  aid  of  a  little  alkali.  The  nucleoalbumins  resemble  certain 
of  the  globulins  and  albuminates  insolubility  and  precipitation  properties, 
but  differ  from  these  two  groups  by  containing  phosphorus.  They  stand 
close  to  the  nucleoproteids  by  their  content  of  phosphorus,  but  differ  from 
these  in  not  yielding  any  purin  bases  on  cleavage.  It  has  not  yet  been 
found  possible  to  obtain  from  the  nucleoalbuinins  any  proteid-free  p=eudo- 
nucleic  acids  corresponding  to  the  nucleic  acids,  but  only  acids  rich  in 
phosphorus,  which  always  give  the  proteid  reactions  (Levi.ni;  and  Alsbero, 
S.u.kowski  5).  For  this  reason  the  nucleoalbumins  oaanoi  be  claoood  as 
compound  proteids.  In  peptic  digestion  a  proteid  rich  in  phosphorus  can 
be  split  off  from  most  nucleoalbumins,  and  this  has  been  called  para-  or 
pseudoituch'in.  The  claim  made  by  LZBBXHMAMM  that  the  pseudonmlein 
is  a  combination  of  proteid  with  metaphosphorie  acid  has  been  shown  to 
be  incorrect  by  the  investigations  of  Oiektz.4  The  nucleoalbumins  always 
seem  to  contain  some  iron. 


1  ZeHeohr.  f.  phjrfoL  Chem.,  33. 

1  Zeit-schr.  f.  Biologie,  40  and  12      In  regard  to  the  various  views  on  this  subjt 
:  Wolff  and  Smite,  ibid  ,41     Oebofl  Be,  L  &  ;   Ilammarsten,  ErgebnLssc  der  Physiologic, 
Abt    1 ;  Moll,  Hofmeiater's  Bcitrage,  4. 

*  Levene  and  Alsberg,  Zeitschr.  f.  physiol.  Chem.,  31;  Salkowski,  ibid.,  32;  Levene, 
ibid.,  32. 

*  Lieberraann,  Bcr.  d.  dcutech.  chem.  Geaellsch.,  21;    Giertz,  Zeitschr.  f.  physiol. 
Chem..  HI 


ALBUMINATES. 


35 


The  separation  of  pseudonuclein  in  the  peptic  digestion  of  nuclcoalbumiiia 
cannot  be  considered  as  positively  characteristic  of  the  nucleoalbumin  group. 
The  extent  of  such  a  cleavage  is  dependent  upon  the  intensity  of  the  pepsin  diges- 
tion, the  degree  of  acidity,  and  the  relationship  between  the  nureloalbumins 
and  the  digestive  fluids.  The  separation  of  a  pseudonuclcin  may,  as  shown  liy 
Salkowski,  not  occur  even  in  the  digestion  of  ordinary  casein,  end  Whoiilewsky 
did  not  obtain  anv  pseudonucloin  at  all  in  the  digestion  of  the  casein  from  human 
milk.  Wiman  '  has  also  shown  in  the  digestion  of  vegetable  nucleoalbiimin 
that  the  obtainment  of  considerable  pseudonuclcin  or  none  is  dependent  upon  the 
•n  in  which  the  digestion  is  jjerfornied.  The  most  essential  characteristic  of 
this  group  of  proteids  is  that  they  contain  phosphorus,  and  that  the  xanthine 
bases  are  absent  in  their  cleavage  products. 

The  nucleoalbumins  are  often  confounded  with  nucleoproteids  and  also 
with  phosphorized  glucoprotcids.  From  the  first  class  they  differ  by  not 
yielding  any  xanthine  bodies  when  boiled  with  acids,  and  from  the  second 
group  by  not  yielding  any  reducing  substance  on  the  Bame  treatment. 

LecithaJbumins.  In  the  preparation  of  certain  protein  substances  products 
are  often  obtained  containing  lecithin,  and  this  1«  •  u  i.    be  ra 

with  difficulty  or  incompletely  by  a  mixture  of  alcohol  and  ether.  Ovovitellin 
is  such  a  protein  bod?  containing  considerable  lecithin,  end  Hoppe-Sbtlbb 
considers  it  a  combination  of  proteid  and  lecithin.  Lieukkmann  2  has  obtained 
proteids  containing  lecithin  as  an  insoluble  residua  on  the  peptic  digestion  of  the 
mucous  meml.i  tomach,  liver,  kidneys,  lungs,  and  spleen.     He  con- 

siders them  as  combinations  of  proteid  and  lecithin  and  calls  them  lecilhaUmmin*. 
Further  investigation  of  these  bodies  is  desirable. 

Alkali  and  Acid  Albuminates.     The  native  proteids  are  modified  by  the 
o  of  sufficiently  strong  acids  or  alkalies.    By  the  action  of  alkalies 
all  native  albuminous  bodies  are  converted,  with  the  elimination  of  nitro- 
gen or  by  the  action  of  stronger  alkali,  also  with  the  emission  of  suli 

;i  new  nunliti.  Miion,  called  alkali  albuminate,  whose  specific  rotation 
is  increased  at  the  same  time.  If  caustic  alkali  in  substance  or  in  strong 
solution  be  allowed  to  act  on  a  concentrated  proteid  solution,  such  as 
blood-serum  or  egg-albumin,  the  alkali  albuminate  may  be  obtained  as  a 
solid  jelly  which  dissolves  in  water  on  heating,  and  which  is  called  "  Lieher- 
kchn's  solid  alkali  albuminate."  By  the  action  of  dilute  caustic  alkali 
solutions  on  dilute  proteid  solutions  we  have  alkali  albuminates  formed 
slowly  at  the  ordinary  temperature,  but  more  rapidly  on  heating.  These 
sohu  be  modified  by  the  source  of  the  proteid  acted  upon,  and 

also  by  the  extent  of  the  action  of  the  alkali,  but  still  they  have  certain 
factions  in  comi-  ■ 

If  proteid  is  dissolved  in  an  excess  of  concentrated  hydrochloric  acid,  or 
if  we  digest  a  proU-id  solution  acidified  with  1-2  p.  m.  hydrochloric  acid  in 
the  thermostat,  or  digest  the  proteid  for  a  short  time  with  pepsin-hydro- 
chloric acid,  we  obtain  new  modifications  of  proteid  which  indeed  may  show 

1  Salkowski,  Pfluger's  Arch,  68; — Wrol  dew  sky,  Beitrage  wr  Keonitniss  des  Frauen- 
beens.     Inatig.-Diss.  Bern,  189-1;— Wiman,  Upsala  Lalcaref.  Forh.  N.  F..  2. 

'Hoppc-.SeyI.-r.  Mid  ebem  I'm  r  inh  ,  1868;  also  Zeitachr.  f.  physiol.  Chenx,  18, 
479;  Liebermann,  Pfliiger's  Archiv,  50  and  54. 
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somewhat  varying  properties,  but  have  certain  reactions  in  common.  These 
modifications,  which  may  be  obtained  in  a  solid  gelatinous  condition  on 
sufficient  concentration,  are  called  acid  albuminates  or  acid  albumins,  and 
sometimes  syntonin,  though  we  prefer  to  apply  the  term  syntonin  to  the 
acid  albuminate,  wluch  is  obtained  by  extracting  muscles  with  hydrochloric 
acid  of  1  p.  m. 

The  allcali  and  acid  albuminates  have  the  following  reactions  in  com- 
mon: They  are  nearly  insoluble  in  water  and  dilute  common-salt  solu- 
tion (see  page  34),  but  they  dissolve  readily  in  water  on  the  addition  of  a 
very  small  quantity  of  acid  or  alkali.  Such  a  solution  as  nearly  neutral  as 
possible  does  not  coagulate  on  boiling,  but  is  precipitated  at  the  normal  tem- 
perature on  neutralizing  the  solvent  by  an  alkali  or  an  acid.  A  solution  of 
an  alkali  or  acid  albuminate  in  acid  is  easily  precipitated  on  saturating 
with  NaCl,  but  a  solution  in  alkali  is  precipitated  with  difficulty  or  not  at 
all,  according  to  the  amount  of  alkali  it  contains.  Mineral  acids  in  excess 
precipitate  solutions  of  acid  as  well  as  alkali  albuminates.  The  nearly  neu- 
tral solutions  of  these  bodies  are  also  precipitated  by  many  metallic  salts. 

Notwithstanding  this  agreement  in  the  reactions,  the  acid  and  alkali 
albuminates  are  essentially  different,  for  by  dissolving  an  alkali  albuminate 
in  some  acid  no  acid  albuminate  solution  is  obtained,  nor  is  an  alkali 
albuminate  formed  on  dissolving  an  acid  albuminate  in  water  by  the  aid  of 
B  )i tie  alkali.  In  the  first  case  we  obtain  a  combination  of  the  alkali 
albuminate  and  the  acid  soluble  in  water,  and  in  the  other  case  a  soluble 
combination  of  the  acid  albuminate  with  the  alkali  added.  The  chemical 
process  in  the  modification  of  proteids  with  an  acid  is  essentially  different 
from  the  modification  with  an  alkali,  hence  the  products  are  of  a  different 
kind.  The  alkali  albuminates  are  relatively  strong  acids.  They  may  be 
dissolved  in  water  with  the  aid  of  CaCOa,  with  the  elimination  of  CO,, 
b  does  not  occur  with  typical  acid  albuminates,  and  they  show  in 
opposition  to  the  acid  albuminates  also  other  variations  which  stand  in 
connection  with  their  strongly  marked  acid  nature.  Dilute  solutions  of 
alkalies  act  more  energetically  on  proteids  than  do  acids  of  corresponding 
concentration.  In  the  first  case  a  part  of  the  nitrogen,  and  often  also  the 
sulphur,  is  -|'li1  off,  and  from  this  property  wc  may  obtain  an  alkali  albu- 
minate by  the  action  of  an  alkali  upon  an  acid  albuminate;  but  we  CM 

i  an  acid  albuminate  by  the  reverse  reaction  (K.  Morner  l).     For 

reason  the  ealling  of  the  modified  proteid  obtained  by  the  action  of 

alkali  or  acid,  protect,  the  combination  of  this  protein  with  alkali,  alkali 

iiiinale,  and  the  Combination   with  acid,  acid  albuminate,  leads    to  a 

>  lerstanding  or  to  a  wrong  conception. 

The  preparation  of  the  albumin.:  !>een  given  above.     The  cor- 

responding albuminate  obtained  by  the  action  of  alkalies  or  acids  upon  a 
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proteid  solution  may  be  precipitated  by  neutralizing  with  acid  or  alkali. 
The  washed  precipitate  Is  dissolved  in  water  by  the  aid  of  a  little  alkali  or 
acid,  and  again  precipitated  by  neutralizing  the  solvent.  If  this  precipi- 
tate which  has  been  washed  in  water  is  treated  with  alcohol  and  ether, 
the  albuminate  will  be  obtained  in  a  pure  form. 

the  preparation  of  acid  as  well  as  alkali  albuminates  proteoses  and  the 
nearly  related  albuminates  are  formed.  The  "alkali  albumose"  obtained  by 
Maas  l  belongs  to  this  class.  The  i'/«aUrinic  acid  and  prolalbinic  acid  obtained 
by  P.val1  from  ovalbumin  are  likewise  alkali  albuminates.  Dtsnmituialhuminic 
acid  is  an  alkali  albuminate  which  SemUDSMBa '  obtained  by  the  action  of  such 
weak  alkali  that  a  part  of  the  nitrogen  was  evolved,  but  the  quantity  of  sulphur 
remai-  Mine.    The  proteid  combination  obtained  by  Blum  by  the  a 

of  formol  on  proteid  and  called  by  him  protogtn  tuu  .simil.intii's  wnli  the  alkali 
albun ii  d   regard   to   solubilities  and   precipitation,   but   is   not   identical 

therewith.4 

Proteoses  and  Peptones.  Peptones  are  designated  as  the  final  products 
of  the  decomposition  of  proteid  bodies  by  means  of  proteolytic  enzymes, 
in  so  far  as  these  final  products  are  still  true  proteids,  while  we  designate 
a*  proteoses  (albumoses,  or  propeptones),  the  intermediate  products  pro- 
duced in  the  peptonization  of  proteids  in  so  far  as  they  are  not  BQb- 
fitaoces  similar  to  albuminates.  Proteoses  and  peptones  may  also  be  pro- 
duced by  the  hydrolytic  decomposition  of  the  proteids  with  acids  or  alkalies, 
also  by  the  putrefaction  of  the  same.  They  may  also  be  formed  in  very 
small  quantities  as  by-products  in  the  investigations  of  animal  fluids  and 
tiwies,  and  the  question  as  to  what  extent  these  exist  preformed  under 
physiological  conditions  requires  very  careful  investigation. 

Between  the  peptone  which  represents  the  final  cleavage  product  and 
the  proteose  which  stand  closest  to  the  original  proteid  we  have  undoubt- 
B  series  of  intermediate  products.  Under  such  circumstances  it  is  a 
difficult  problem  to  try  to  draw  a  sharp  line  between  tin-  peptone  and 
lae  proteose  group,  and  it  is  just  as  difficult  to  define  our  conception  of 
peptones  and  proteoses  in  an  exact  and  satisfactory  manner. 

The  proteoses  (or  albumoses)  have  been  considered  as  those  proteid  bodies 
whew*  neutral  or  faintly  acid  solutions  do  not  coagulate  on  boiling  and 
which  :tiguish  them  from  peptones,  were  characterized  chiefly  by 

Ihc  following  properties.  The  watery  solutions  are  precipitated  at  the 
ordinary  temperature  by  nitric  acid  as  well  as  by  acetic  acid  and  potassium 
ferocyanide,  and  this  precipitate  has  the  peculiarity  of  disappearing  on 


•Zeitechr.  f.  physiol.  Chcm.,  30. 

'Ber.  d.  J.  chcm.  fintnllnrh .  14. 

•Arch.  I.  exp.  Path.  u.  Pharm  .  39. 

'  IMuin,  Zcitachr.  f.  physiol.  Chem.,  22.  The  older  investigations  of  T,oew  may 
fc*  found  in  Maly  'a  Jahresber.,  1883.  On  the  action  of  formaldehyde  see  also  lienodi- 
tcnti,  Du  Bois-Reymond 's  Arch.,  1S07;  S.  Schwartz,  Zaitechr.  f.  physiol.  Chem.,  30 i 
Iflw  and  Novy.  Journ.  of  Exper.  Med  ,  1. 
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heating  and  reappearing  on  cooling.  If  a  proteose  solution  is  saturated 
with  NaCl  in  substance,  the  proteose  is  partly  precipitated  in  neutral 
solutions,  but  on  the  addition  of  acid  saturated  with  salt  it  is  more 
completely  precipitated.  This  precipitate,  which  dissolves  on  warming,  is 
a  combination  of  the  proteose  with  the  acid. 

We  formerly  designated  as  peptone  those  proteid  bodies  which  are  readily 
soluble  in  water  and  which  do  not  coagulate  by  heat,  whose  solutions  are 
precipitated  neither  by  nitric  acid,  nor  by  acetic  acid  and  potassium  ferro- 
cyanide,  nor  by  neutral  salts  and  acid. 

The  reactions  and  properties  which  the  proteoses  and  peptones  have  in 
common  were  formerly  considered  as  the  following:  They  give  all  the  color 
reactions  of  the  proteids,  but  with  the  biuret  test  they  give  a  more  beautiful 
red  color  than  the  ordinary  proteids.  They  are  precipitated  by  ammoniacal 
lead  acetate,  by  mercuric  chloride,  tannic,  phosphotungstic,  phospho- 
molybdic  acids,  potassium-mercuric  iodide  and  hydrochloric  acid,  and  also 
by  picric  acid.  They  are  precipitated  but  not  coagulated  by  alcohol, 
namely,  the  precipitate  obtained  is  soluble  in  water  even  after  being  in 
contact  with  alcohol  for  a  long  time.  The  proteoses  and  peptones  also 
have  a  'greater  diffusive  power  than  native  proteids,  and  the  diffusive 
power  is  greater  the  nearer  the  questionable  substance  stands  to  the  final 
product,  the  now  so-called  pure  peptone. 

These  old  views  have  gradually  undergone  an  essential  change.  After 
Heynsius'  l  observation  that  ammonium  sulphate  was  a  general  pre- 
cipitant for  proteids,  also  peptone  in  the  old  sense,  Kuhne  and  his  pupils  a 
proposed  this  salt  as  a  means  of  separating  proteoses  and  peptones.  Those 
products  of  digestion  which  separate  on  saturating  their  solution  with 
ammonium  sulphate  or  can  indeed  be  salted  out  are  considered  by  Kuhne 
and  indeed  by  most  of  the  modern  investigators  as  proteoses,  while  those 
which  remain  in  solution  are  called  peptones  or  pure  peptones.  These 
pure  peptones  are  formed  in  relatively  large  amounts  in  pancreatic  diges- 
tion, while  in  pepsin  digestion  they  are  only  formed  in  small  quantities 
or  after  prolonged  digestion. 

According  to  Schutzenberger  and  Kuhne8  the  proteids  yield  two 
chief  groups  of  new  proteid  bodies  when  decomposed  by  dilute  mineral 
acids  or  with  proteolytic  enzymes;  of  these  the  anii  group  shows  a  greater 
resistance  to  further  action  of  the  acid  and  enzyme  than  the  other,  namely, 

1  Pfluger's  Archiv,  34. 

1  See  Kuhne,  Verhandl.  d.  naturhistor.  Vereins  zu  Heidelberg  (N.  F. ),  3;  J.  Wenz, 
Zeitschr.  f.  Biologic,  22;  Kuhne  and  Chittenden,  Zeitschr.  f.  Biologic,  22;  R.  Neu- 
meister,  ibid.,  23;  Kuhne,  ibid.,  29. 

1  Schutzenberger,  Bull,  de  la  soc.  chimique  de  Paris,  23;  Kuhne,  VerhandL  d. 
naturhist.  Vereins  zu  Heidelberg  (N.  F.),  1  and  Kuhne  and  Chittenden,  Zeitschr.  t 
Biologie,  19.    See  also  Paal,  Ber.  d.  deutsch.  chem.  Gesellsch.,  27. 
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the  hemi  group.  These  two  groups  are,  according  to  Kuhne,  united  in 
the  different  proteoses,  even  though  in  various  relative  amounts,  and  each 
proteose  contains  the  anti  as  well  as  the  hemi  group.  The  same  is  true  for 
the  peptone  obtained  in  pepsin  digestion,  hence  he  calls  it  amphopeptone. 
In  tryptic  digestion  a  cleavage  of  the  amphopeptone  takes  place  into  antv- 
peptone  and  hemipeptone.  Of  these  two  peptones  the  hemipeptone  is  further 
split  into  amino  acids  and  other  bodies  while  the  antipep tone  is  not  attacked. 
By  the  sufficiently  energetic  action  of  trypsin  only  one  peptone  is  at  last 
obtained,  the  so-called  antipeptone. 

Kuhne  and  his  pupils,  who  have  conducted  extensive  investigations 
on  the  proteoses  and  peptones,  classify  the  various  proteoses  according 
to  their  different  solubilities  and  precipitation  properties.  In  the  pepsin 
digestion  of  fibrin1  they  obtained  the  following  proteoses:  (a)  Hetero- 
proteose,  insoluble  in  water  but  soluble  in  dilute  salt  solution;  (6)  Proto- 
proteose,  soluble  in  salt  solution  and  water.  These  two  proteoses  are 
precipitated  by  NaCl  in  neutral  solutions,  but  not  completely.  Hetero- 
proteose  may,  by  being  in  contact  with  water  for  a  long  time  or  by  drying, 
be  converted  into  a  modification,  called  (c)  Dysproteose,  which  is  insoluble 
in  dilute  salt  solutions,  (d)  Deuteroproteose  is  a  proteose  which  is  soluble 
in  water  and  dilute  salt  solution  and  which  is  incompletely  precipitated 
from  acid  solution  by  saturating  with  NaCl  and  not  precipitated  from 
neutral  solutions.  This  precipitate  is  a  combination  of  the  proteose  with 
acid  (Herth2).  The  heteroproteose  is  essentially  the  same,  as  described 
by  Brucke,  as  peptone. 

The  proteoses  obtained  from  different  proteid  bodies  do  not  seem  to  be 
identical,  but  differ  in  their  behavior  to  precipitants.  Special  names  have 
been  given  to  these  various  proteoses  according  to  the  mother-proteid, 
namely,  albumoses,  globiUoses,  vitelloses,  caseoses,  myosinoses,  etc.  These 
various  proteoses  are  further  distinguished,  as  proto-,  hetero-,  and  deutero- 
caseoses  for  example.  Chittenden  *  has  suggested  the  common  name 
proteoses  for  the  products  formed  intermediary  between  the  proteids  and 
peptones  in  the  digestion  of  animal  and  vegetable  proteids.  We  have 
made  use  of  it  in  this  sense  in  preference  to  the  word  albumose  (which  is 
used  in  the  German  and  by  some  other  writers),  but  which  will  be  used 
in  this  book  as  indicating  the  intermediary  products  in  the  hydrolysis 
of  albumins  and  not  as  a  general  term.  Certain  proteoses  have  also  been 
obtained  in  a  crystalline  state  (Schrotter). 

1  See  Kuhne  and  Chittenden,  Zeitschr.  f.  Biologie,  20. 

1  Monatshefte  f.  Chem.,  5. 

'Kuhne  and  Chittenden,  Zeitschr.  f.  Biologie,  22  and  25;  Neumeister,  ibid.,  23; 
Chittenden  and  Hartwell,  Journ.  of  Physiol.,  11  and  12;  Chittenden  and  Painter, 
Studies  from  the  Laboratory,  etc.,  Yale  University,  2,  New  Haven,  1891;  Chittenden, 
ibid.,  J;  Sebelien,  Chem.  Centralblatt,  1890;  Chittenden  and  Goodwin,  Journ.  of 
Physiol.,  12. 
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Nf.itmktster1  designates  as  ntmirinlbumo&e  that  body  which  is  obtained  by 
the  action  of  superheated  steam  on  fibrin.  At  the  same*  time  he  also  obtained  a 
substance  called  alriiukiUniunri,  which  stands  between  the  albuminates  and  the 
proteoses. 

Of  the  soluble  proteoses  Neumeibter  designates  the  protoproteose  and 
heteroproteose  as  primary  proteoses,  while  the  deuteroproteoses,  which  are 
closely  allied  to  the  peptones,  he  calls  secondary  proteoses.  As  an  essen- 
tial difference  lut...  m  the  primary  and  secondary  proteoses  he  suggests  the 
following:5  The  primary  proteoses  are  precipitated  by  nitric  acid  in  salt- 
free  solutions,  while  the  secondary  proteoses  are  only  precipitated  in  salt 
solutions,  and  certain  deuteroproteoses,  such  as  deuterovitellose  and  deu- 
teromyosinose,  are  only  precipitated  by  nitric  acid  in  solutions  saturated 
with  Nat'l.  The  primary  proteoses  arc  precipitated  from  neutral  solutions 
by  copper  sulphate  solution  (2  :  100),  also  by  NaCl  in  substance,  while  the 
secondary  proteoses  are  not.  The  primary  proteoses  are  completely  pre- 
cipitate" I  from  their  solution  saturated  with  NaCl  by  the  addition  of  acetic 
add  saturated  with  salt,  while  the  secondary  proteoses  are  only  partly 
precipitated.  The  primary  proteoses  are  readily  precipitated  by  acetic 
acid  and  potassium  ferrocyanide,  while  the  secondary  are  only  incompletely 
precipitated  after  some  time.  The  primary  proteoses  are  also,  according 
i"  PlOX/  completely  preci  pita  ted  by  ammonium  sulphate  (added  to  one  half 
saturation),  while  the  secondary  proteoses  remain  in  solution. 

The  true  peptones,  as  they  used  to  be  obtained,  arc  exceedingly  hygro- 
scopic, and  when  perfectly  dry  sizzle  like  phosphoric  anhydride  when 
treated  with  a  In  tie  water.  They  are  exceedingly  soluble  in  water,  diffuse 
more  readily  than  the  proteoses,  and  arc  not  precipitated  by  ammonium 
sulphate.  In  contradistinction  to  the  proteoses  the  true  peptones  are  not 
precipitated  by  nitric  acid  (even  in  solution  saturated  with  salt),  by  acetic 
acid  saturated  with  salt  and  sodium  chloride,  potassium  ferrocyanide 
and  arctic  acid,  picric  acid,  trichlorucrtir  acid,  potassium-mercuric  iodide, 
and  hydrochloric  acid.  They  are  precipitated  by  phmphotungstifl 
phosphomolybdic  acid,  corrosive  nil  ED  the  absence  of  neutral  salts), 

absoh  "1,  and  tannic  acid,  but  the  precipitate  may  redissolve  on  the 

addition  of  an  excess  of  the  precipitant.  As  an  important  difference  between 
amphopeptone  and  antipoptono  we  must  also  mention  that  the  first  gives 
Millon's  reaction,  while  the  antipeptone  does  not. 

In  regard  to  the  precipitation  by  alcohol  we  must  call  attention  to  the  observa- 
tions of  Frank i;i,  that  not  only  are  the  acid  combinations  of  peptone  < I'a  m.) 
lublc  in  alcohol,  but  also  the  free  peptone,  and  Fkankki.  has  even  suggested  & 


1  Ztitschr.  f.  Biologic.  26.    See  also  Chittenden  and  Meara,  Journ.  of  PhysioL, 
15,  und  Salkoweki.  Zeitachr.  f.  Biologie,  34  and  37. 
5  'Neumcistcr,  Zeitacbr.  f.  Biologie,  24,  20. 
1  ZeitscLr.  f.  phywol.  Chenv,  L'i 
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method  of  preparation  baaed  on  thin  behavior.     Sen  rotter1  has  also  prepared 
crystalline  proteoses  which  were  soluble  in  hot.  alcohol,  especially  methyl  alcohol. 

The  views  on   the  hydndytic  cleavage  products  of  peptic  and  tryptic 
digestion  which  were  accepted  untU  a  few  years  ago  have  recently  been 
•lerably  modified   in   several   points.     As  this  question  of  peptones 
the  present  time  undergoing  active  development,  and  as  it  is  also 
very  complicated   and  -till  not   clear   in  many  points,    it    is    at  pre 
not  possible  to  give  a  dear,  short,  and  still  oompreb  discussion 

a!  the  subject.     We  can  give  here  cnlv   the  tpOltant  results. 

The  older  view  that  in  \  m  onjhj  proteoses  sod  peptones  but 

00  simpler  cleavage  products  are  formed  lias  been  shown  not  to  be  true. 
The  Pfaundlkr,  Salaskiv.  LlWHOW,  La  .    and 

have  shown  that  .simpler  products  can  1h»  produced]  some   ' 
iture  is  still  unknown,  while  others  are  known,  such  as  alanin,  1> 
nimide,  aminovalerianic  acid,  aspaxtfo   and   gluta  .   phenyl* 

ilaniti  in,  pyrrolidiu  carbonic  acid  ami  lysin.  and  on  further  cleavage 

bdeed  also  oxyphenylethylnmine,  tetra-  and  pent.'uneihvlendiaiuine.  It 
has  not  been  possible  to  cause  a  disappearance  of  the  biuret  reaction,  and 
the  appearance  of  tryptophan  '  has  only  been  observed  on  using  certain 
apparently  impure  pepsin  preparations.  Pepsin  digestion  therefore  yields 
to  all  appearances  the  same  products  as  obtained  on  hydrolysis  with  min- 
eral acids. 

In  connection  with  the  experimental  results  it  must  bB  remarked  that  in 
certain  cases  impure  pepsin  was  used,  or  indeed  autodigestion  of  the  stomach 
mucosa  was  carried  on,  and  thai  OOneeCjUently  the  pssudopopsis 

Chap'  collided,    [n  other  cases  the  digestion  with  pj 

eoonderable  acid  (even  1  per  cent  H.SO.)  was  continued  f<ir  a  v-rv  tang  time, 
indeed  for  an  entire  year,  without  controlling  the  inlluence  of  the  acid  alone  upou 
the  proteoses. 

use's  view  that  in  tryptic  digestion  always  a  peptone,  so  called 
Mtipeptone,  remains  which  cannot  be  further  split  is  not  strictly  true. 
By  sufficiently  long  auto  Ingestion  of  the  pancreas  K&tbchxb  '  was  able  to 

n  as  final  products  a  mixture  of  digestion  products  which  felted  to 
respond  to  the  biuret  test.    The  pure  antipeptone  (see  below),  isolated 

egfried,  can  only  be  split  by  trypsin  with  difficulty.  We  do  not 
know  how  the  antipeptone  prepared  according  to  Ki  hnk  from  antialbumid 

'Frankel.  Z\ir  Kcnntniaae  der  ZerfallaprcnlukU'    des  Eiwtuasc*    lu-i   peptlachw  und 
tn/ptiacher  Verdauung.     Wien,  1S96;— Schrtitter,  MonatsheTte  f.  CSmbl,  14,  10. 

'ZunU.  Zcitachr.  f.  physiol.  Chcra.,  28,  and  Hofmeister's  Beitrafic,  2;   Pfaundler, 
ZeiUchr.  f.  physio!.  Chem  ,  30;  Salaskin,  ibid.,  82;   Salaskin  and   Kowalewaky,  ibid., 
tt;  Lawrow,  ibid.,  33;  I.angstcin.  Hofmeister'l  Beitriige,  1  and  2. 
Malfatti,  Zeitschr.  f.  phyido]  Chem  ,  81. 

♦Zeitachr.  f.  pbysiol.  Chem.,  25,  96,  2s.  and  "Die  Endprodukte  der  Trypeinvcr- 
dtuuag,"  Uabilitatiansschhft,  Strassburg,  1899. 
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acts  in  this  regard.  The  complete  disappearance  of  the  biuret  reaction 
in  tryptic  digestion  does  not  show  that  a  complete  destruction  into  simple 
,  carbon  nuclei  has  taken  place.  According  to  E.  Fischer  and  Abder- 
halden,1  polypeptide-like  bodies  are  produced,  especially  in  tryptic  diges- 
tion, and  these  bodies  resist  the  prolonged  action  of  the  enzyme,  but  yield 
several  different  amino  acids  on  hydrolytic  cleavage  by  acids.  The  same 
is  probably  also  true  for  peptic  digestion  (see  below),  and  the  difference 
in  the  digestive  products  between  pepsin  and  trypsin  digestion  consists 
essentially  only  in  that  in  the  first  case  the  cleavage  is  slower  and  does  not 
proceed  so  far  because  the  biuret  reaction  remains  and  no  formation  of 
tryptophan  takes  place. 

By  the  use  of  the  methods,  as  specially  worked  out  by  the  Hofmeistes 
school,  of  fractionally  salting  out  with  ammonium  sulphate  or  zinc  sulphate, 
numerous  experiments  have  recently  been  made  to  separate  the  various 
proteoses  and  peptones  by  Umber,  Alexander,  Pfaundler,  and  especially 
by  Pick  and  Zunz.'  Not  only  have  we  learned  by  these  methods  of  a  larger 
number  of  proteoses,  but  our  older  conception  of  the  primarily  produced 
products  has  been  materially  modified.  Immediately  at  the  commence- 
ment of  digestion,  also  in  peptic  digestion,  a  splitting  of  the  proteid  mole- 
cule into  several  complexes  takes  place.  In  opposition  to  the  view  of 
Huppert  •  that  the  proteoses,  in  pepsin  digestion,  are  always  derived 
from  the  primarily  formed  acid  albuminate,  Pick  and  Zunz  have  shown 
that  acid  albuminate  as  well  as  several  proteoses  occurs  primarily  in  the 
commencement  of  the  digestion.  According  to  Goldschmidt  *  a  splitting 
off  of  proteoses  and  the  formation  of  acid  albuminate  takes  place  simul- 
taneously by  the  action  of  dilute  acids  alone.  Besides  the  proteoses  we 
have,  according  to  Zunz  and  Pfaundler,  even  at  the  beginning,  also 
other  primary  bodies,  which  cannot  be  salted  out  and  which  do  not  give 
the  biuret  reaction,  but  are  in  part  precipitated  by  phosphotungstic  acid. 
These,  not  closely  studied,  products  seem  to  be  intermediate  between 
the  peptones  -and  the  amino  acids,  and  they  correspond  probably  to  the 
polypeptide-like  bodies  obtained  by  Fischer  and  Abderhalden  in  tryptic 
digestion. 

By  fractional  precipitation  of  Witte's  peptone  with  ammonium  sulphate 
Pick  has  obtained  various  chief  fractions  of  proteoses.  The  first  contains  the 
proto-  and  heteroproteoses,  whose  precipitation  limit  lies  at  24-42  per  cent  satu- 

1  Zeitschr.  f.  physiol.  Chem.,  39. 

'Umber,  Zeitschr.  f.  physiol.  Chem.,  25;  Alexander,  ibid.,  25;  Pfaundler,  ibid., 
80;  Zunz,  ibid.,  28,  and  Hofmeister's  Beitrage,  2;  Pick,  ibid.,  2,  and  Zeitschr.  f.  physiol. 
Chem.,  24  and  28. 

1  Schiitz  and  Huppert,  Pfluger's  Arch.,  80. 

4  F.  Goldschmidt,  Ueber  die  einwirkung  von  Sauren  auf  Eiweissstoffe,  Inaug.- 
Diss.  Strassburg,  1898. 
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ration  with  ammonium-sulphate  solution,  i.e.,  the  presence  of  24-42  c.  c.  ammo- 
nium-sulphate solution  in  100  c.  c.  of  the  liquid.  Then  follows  a  fraction  A  at 
54-62  per  cent  saturation,  then  a  third  fraction  B,  with  70-95  per  cent  satura- 
tion, and  finally  fraction  C,  which  precipitates  from  the  saturated  solution  on 
acidification  with  sulphuric  acid  saturated  with  the  salt. 

The  hetero-  and  protoproteoses  are  not,  according  to  our  present  views, 
the  only  primary  proteoses.  In  the  proteose  fraction  B  obtained  on  saturat- 
ing with  ammonium  sulphate  in  neutral  liquids,  primary  proteoses  are 
also  found.  To  mention  examples:  the  glucoproteose  (Pick)  which 
contains  a  carbohydrate  group  and  Hofmeister's  x  synproteose.  An 
unequal  power  of  being  salted  out  is  no  longer  sufficient  to  differentiate 
between  the  primary  and  secondary  proteoses. 

We  cannot  enter  into  a  discussion  of  the  various  proteoses  or  proteose- 
fractions.  The  differences  which  exist  between  the  hetero-  and  proto- 
proteoses obtained  from  fibrin  (Pick)  are  of  great  interest.  The  hetero- 
proteose  is  insoluble  in  32  per  cent  alcohol,  yields  only  very  little  tyrosin 
or  indol,  but  gives  abundant  leucin  and  glycocol,  and  contains  about  39 
per  cent  of  the  total  nitrogen  in  a  basic  form.  The  protoproteose,  on 
the  contrary,  is  soluble  in  80  per  cent  alcohol,  yields  considerable  tyrosin 
and  indol,  only  little  leucin,  but  no  glycocol,  and  contains  only  about  25 
per  cent  basic  nitrogen.  Friedmann  and  Hart  '  have  obtained  very  similar 
results  in  regard  to  the  basic  nitrogen  in  the  two  proteoses.  Hart  also 
showed  that  the  heteroproteose  (from  muscle  syntonin)  is  considerably 
richer  in  arginin  and  poorer  in  histidin  than  the  protoproteose. 

According  to  Pick,  the  heteroproteose  is  also  more  resistant  towards 
trypsin  digestion  than  the  protoproteose,  a  behavior  which  coincides  with 
Kuhne 's  view  of  a  resistant  atomic  complex,  an  antigroup  in  the  proteid 
bodies.  Kuhne  and  Chittenden'  obtained  regularly  on  the  tryptic  di- 
gestion of  heteroproteose  a  separation  of  so-called  antialbumid,  a  body 
which  is  attacked  with  great  difficulty  in  tryptic  digestion,  but  which  sepa- 
rates as  a  jelly-like  mass  and  which  is  richer  in  carbon  X57.5-58.09  per 
cent),  but  poorer  in  nitrogen  (12.61-13.94  per  cent),  than  the  original  pro- 
teid. 

This  antialbumid  has  recently  attracted  further  attention,  because  as 
first  found  by  Danilewski  and  other  investigators,  Okunew,  Sawjalow, 
Lawrow,  and  Salaskin  and  Kurajeff  have  further  shown  that  solutions  of 
rennin,  gastric  juice,  pancreatic  juice,  and  papain  solutions  cause  a  similar 
coagulum  in  not  too  dilute  proteose  solutions.  These  coagula,  called  plas- 
teines  (coagulum  by  rennin)  by  Sawjalow,  and  coagvloses  (coagulum  by 

1  Ueber  Bau  und  Gruppirung  der  Eiweisskorper,  Ergebnisse  der  Physiol.,  1,  Abt. 
1, 783. 

1  Friedmann,  Zeitschr.  f.  physiol.  Chem.,  29;  Hart,  ibid.,  33. 
•  Kuhne  and  Chittenden,  Zeitschr  f.  Biologie,  19,  20. 
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papain)  by  Kurajeff,1  are  similar  In  many  respects  to  antialbumid,  having  a 
higher  content  of  carbon  (57-60  per  cent)  and  nitrogen  (13-14.6  per  cent). 
They  are  only  produced  from  proteoses  and  not  from  peptones,  and  only  form 
a  small  fraction  of  the  related  proteose.  We  cannot  state  anything  with 
pOffitaveneBB  for  the  present  in  regard  to  their  importance.  It  is  evident 
from  their  BompOHtaOD  that  they  do  not  represent  the  reformation  of  proteid 
from  the  proteoses,  as  claimed  by  some  investigator*. 

The  method  t>f  frae  tional  precipitation  by  ammonium  or  zinc  sulphate 
has  undoubtedly  been  of  the  greatest  service  in  the  study  of  the  diges- 
tive products.  Still,  the  practice  of  calling  those  products  which  can 
be  salted  out,  proteoses,  and  those  which  eanuot  be  salted  out,  peptones, 
has  led  to  many  mistakes  and  to  a  complete  misimilrrstanding  of  the 
peptone  question.  Originally  we  considered  those  bodies  peptones  which 
still  had  a  positive  proteid  nature;  but  now  we  indicate  as  peptones  all 
digestive  products  which  cannot  be  Baited  out.  but  whirh  still  give  the  biuret 
reaction  i although  the  biuret  reaction  does  not  of  necessity  show  the  pro- 
teid nature  of  a  substance).    The  nature  of  these  peptones  is  still  unknown. 

It   is   also  generally  admitted    that   the  peptones  are  mostly  mixtures 

of  various  bodies.2    Only  those  peptones  isolated  by  Sikofkikd  and  his 

pupils  Mi  hu:.  Fit.  Mii.i.nu,  Borkkl,  and   EbOqsB1    must  be  considered 

■mical  individuals.     All  these  peptones  are  acids  which  form  salts 

with  carbonates  with  the  evolution  of  carbon  dioxide;  they  are  lievorotatory 

and  have  a  constant  rotation.    The  pepsin-fibrin  peptones  a  and  /3  isolated 

and  studied  by  Sikofried,  Muhle,  and  BOBKBL  have  the  following  formula^, 

CfeHaiN^Of    and  f'jiHMN'ttOio»  respectively.     The   ^-peptone   seems    to    be 

converted  into  a-peptone  on  splitting  off  of  water.    These  pepsin-peptones 

give  the  biuret  test  as  well  as  Miixon's  reaction.     Their  solutions  are  not 

precipitated  by  tannic  acid,  picric  acid,  eoneeive  sublimate,  pho.spho- 

I rid.  and  alcohol,  but  are  precipitated  by  basic  lead  acetate,  meta- 

phosphoric  add,  ox  acetic  acid  and  potassium  ferrocyanidc.    The  pepein- 

peptone  may  be  considered  as  an  amphopeptone  in  Ki  hnk's  sense,  as  in 

in  digestion  amino  acids  are  formed  and  all  the  tyrosin  and  arginin 

lit  off  and  antipeptone  is  formed. 

The  try|xsin-fibrin  peptones  studied  by  Sn  UK  have  the 

formula;  a,  C^HjjNjO,  and  j,  <  nH^N'/X.     They  have  a  different  specific 

1  Thn  works  of  Danielewski  and  Okunew  are  cited  and  reviewed  in  the  fallowing: 

Sftwjalow,  Pfliiger'a  Arch.,  So,  and  Centralbl.  f.  Physiol.,  IB;    I.awmw  and  Snli.^l. iu, 

hr.  f.  physiol.  Chcm.,  36;    Kurajeff,  Hofmeister's  Beitrage,  1  and  2;  see  also 

Sacharow,  Biochcm.  Central bl.,  1,233;  see  also  Bayer,  ilofmeisters  Beitrage,  4,  in 

regard  to  phafa 

'See  Kutcher,  I.  c. ;  Friinkcl  and  Lang»tcin,  Wien.  Sitzungsber.  Math.-Naturw, 
Klasse.  110.  1901;   Pick,  Bofmrirtwr'a  Beitrage.  2. 

'  Siegfried,  Arch.  f.  (.\iiat.  u.}  Physiol.,  1891;  also  Zeitschr.  f.  phyaioL  Chcm.,  21; 
Siegfried  and  his  pupils,  ibid.,  38. 
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rotation.  The  fact  that  two  different  antipeptones  are  formed  from  the 
pepsin-fibrin  peptone  shows  that  this  latter  contains  at  least  two  anti- 
groups,  and  not,  as  Kuhne  claimed,  only  one.  The  antipeptones  do  not 
give  the  biuret  test,  but  respond  to  Millon  's  reaction,  and  contain  no  tyrosin 
groups.  They  are  precipitated  by  alcohol  and  are  precipitated  less  readily 
or  less  completely  by  the  reagents  which  precipitate  the  pepsin-peptones. 
They  have  a  persistent  resistance  towards  further  cleavage  by  trypsin. 
On  hydrolysis  with  mineral  acids  they  yield  arginin,  lysin,  glutamic  acid, 
and  it  seems  also  aspartic  acid.  The  quantity  of  basic  nitrogen  is  less 
than  25  per  cent  and  the  nitrogen  split  off  as  ammonia  in  antipeptone 
is  /?  16.1  and  a  21.9  per  cent  of  the  total  nitrogen. 

The  glutin-peptones  isolated  by  Siegfried  and  Kruger  have  the 
formulae  CwH„N7O10  for  the  pepsin-glutin  peptone  and  C^H^NeO,  for 
the  £-trypsin-glutin  peptone.  From  the  latter  Siegfried,  on  warming 
with  hydrochloric  acid,  obtained  a  base,  C„HMN908,  which  can  also  be 
directly  obtained  from  gelatine,  which  is  called  a  kyrin  because  it  is  to 
be  considered  as  a  basic  protein  nucleus,  and  which  he  therefore  calls 
glutokyrin.  The  glutokyrin  gives  the  biuret  reaction  and  is  considered 
as  a  basic  peptone.  On  complete  hydrolytic  cleavage  it  yields  arginin, 
lysin,  glutamic  acid,  and  a  second  amino  acid  (probably  glycocoll).  Of 
the  total  nitrogen  two  thirds  belongs  to  the  bases  and  one  third  to  the 
amino  acids.  On  hydrolysis  of  silk  fibroin  successively  with  hydrochloric 
acid,  trypsin,  and  barium  hydrate,  E.  Fischer  *  also  obtained  peptone- 
like substances  and  finally  a  dipeptide-like  body,  probably  glycylalanin. 
On  account  of  the  cleavage  taking  place  in  digestion  the  digestive 
products  must  have  a  lower  molecular  weight  than  the  original  proteid. 
This  is  also  the  case.  The  molecular  weight  of  the  different  proteids  has 
not  been  determined  with  certainty,1  but  it  is  generally  considered  as  about 
5000-7000  for  the  albumins  and  for  casein.  The  molecular  weight  for  proto- 
proteoses  was  found  by  Sabanejew  to  be  2467-2643  and  3200  for  the 
deuteroproteoses.  The  peptones  have  a  still  lower  molecular  weight,  being 
between  400  and  250  for  the  various  peptones  (Sabanejew,  Paal,  Sjoqvist8). 
The  elementary  analyses  *  have  not  given  us  much  information  as  to 
the  characteristic  differences  between  the  various  proteoses  and  most 
so-called  peptones.    Certain  proteoses,  especially  those  that  can  be  salted 

'Siegfried,  Kgl.  Sachs.  Ges.  d.  Wiss.  Math.  Phys.  Masse,  1903;  Fischer,  see  Bio- 
chem.  Centralbl.,  1, 84. 

1  See  especially  F.  N.  Schulz,  Die  Grease  die  Eiweissmolekuls,  Jena,  1903. 

'Sabanejew,  Ber.  d.  d.  chem.  Gesellsch.,  26,  385;  Paal,  ibid.,  27,  1827;  Sjoqvist, 
8kand.  Arch.  f.  Physiol.,  5. 

*  Elementary  analyses  of  proteoses  and  peptones  will  be  found  in  the  works  of 
Kuhne  and  Chittenden  and  their  pupils,  cited  in  foot-note  3,  page  39;  also  by  Herth, 
Zeitachr.  f.  physiol.  Chem.,  1,  and  Monatshefte  f.  Chem.,  5;  Maly,  Pfluger's  Arch., 
9.  20;  Henninger,  Compt.  rend.,  86;  Schrdtter,  L  c;  Paal,  1.  c. 
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out  with  difficulty,  and  the  peptones  differ  very  materially  in  composition 
from  the  mother  substances  and  often  have  a  lower  carbon  content. 

the  behavior   of  being   salted   out    attempts  have  been   made   to 
fiinl  other  points  of  difference  between  the  peptones  and  proteoses.    Seme 
and  Frankki.1  consider  the  sulphur  content  as  a  pronounced  point  of  diffc 
peptones,  according,  to  them,  ue  free  from  sulphur,  while  the  proteoei 

the  contrary,  contain  sulphur.     Fhankel  has  only  been  able  to  find  our  p 
(in  Kijiine's  sense)  which  did  not  contain  sulphur. 

In  the  preparation  and  separation  of  various  proteoses  and  peptones  all 

precipitable  proteid  is  always  first  removed  by  neutralization 

boiling.     The  proteoses  may  then  be  separated  from  the  peptones  by  means 

of  ammonium  sulphate  according  (<>  IS  am b's  method  and  divided  into 

different  fractions   acoording  to   Tick,  and  the  Hokmkjstkr  school.      The 

□    and    preparation  of  pure   hotero-   ami    protopro looses   can   be 

best  performed  by  the  method  suggested  by  Pick.*     As  in  the  preparation 

Of  different  proteoses  and  peptones  we  are  not  dealing  in  most  cases  with 

pure  substances,  but  with  mixtures  or  fractions  it  is  perhaps  sufficient  to 

i  m  here  to  other  methods  such  as  those  suggested  by  K. 

lnw  and  B&uxb,  P.  IIUulbb,  1'uwkkl,  ScebOtter,  and  Faal.  "The 

only  method  which  seems  thus  far  to  have  led  to  a  pure  preparation  of 

peptone  Beams  t<»  be  the  iron  method  used  by  Sikgfkii -i. 

For  the  detection  of  proteoses  and  peptones  in  animal  fluids  we  proceed 
as  follows,  according  to  Dewtd:  The  coagulable  proteids  are  removed  by 
prolonged  heating,  and  the  solution  is  then  saturated  with  ammonium  sul- 

i         True  peptones  (Ijesides  deutero  proteose  not  precipitated)  may  be 
detected  in  the  cold    filtrate  by  means  of  the  biuret  test.     The  proteoses 
are   Contained   in  (he  mixture  of  precipitate  and  salt  crystals  collect, 
the  filter.     The  proteoses  are  dissolved  from  this  mixture  by  washing  with 
water,  and  may  be  detected   in   the  wash-water  by  means  of   the   biuret 

.     Acoording  to    Haluuuhton   and  Colls4  traces  of   proteoses   may 

mned   from  other  proteJdi    b   this    method  by  prolonged  heating. 

As  the  best  methods  they  suggest  either  the  precipitation  of  the  native 

proteids   by  the  addition  of  a  10  per  cent  trichloracetic  acid  solution  or  by 

make.'-  the  native  proteidfl  insoluble  by  the  continuous  action  of  alcohol. 

The  last  method  is  not  quite  applicable  to  blood-serum,  as  the  so-called 
fibrin-ferment,  which  also  gives  the  biuret  te>t,  is  not  made  insoluble  by 
this  procedure. 

If  a  solution  saturated  frith  ammonium  sulphate  is  to  be  tested  by  the 

biurei  b  oat  first  be  treated  with  a  alight  excess  of  concentrated 

ic-soda  solution,  keeping  the  solution  cold,  and  after  the  sodium 

'  I     !  id  is  treated  with  a  2  per  cent  solution  of 

copper  sulphate,  drop  by  drop 

ret  test  (colorimetno)  and  the  polarJseopio  method  have  been 

'  Bchr  Monatahefl  •\,  Zur  Kcnntn'u  der  Zerfalls- 

produktc  dc»  Eiwein  bd  pepti»cbw  und  toyptiaobec  Verdauung,  Win,  1S96. 
1  K  i  ir   I    Btakgii ,  18;   Pic*  ,  1.  & 

*  Baiunann  end  B  atralbl  .  is'.ts,  1,  c.iu.  Wilier,  Zeitschr.  f.  phy 

Chem.,  80  1-  «•■.  Zur  Kwintnis,  etc.;  Schrotter,  Monatahefte  f.  Cbem.,  14 

aud  10;  Pool,  I  c  ;  Siegfried,  1.  c. 

'  DevOtO,  '/■'  itschr.  f.  physioL  Chenx,  lo;    Halliburton  and  Colla,  Journ.  of  Path, 
and  IWt.,  1895. 
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used  in  the  quantitative  estimation  of  proteoses  and  peptones.    These 
methods  do  not  yield  exact  results. 

Coagulated  Proteids.    Proteids  may  be  converted  into  the  coagulated 
condition  by  different  means:  by  heating,  by  the  action  of  alcohol,  especially 
in  the  presence  of  neutral  salts,  by  chloroform,  ether,  metallic  salts,  and  by 
the  prolonged  shaking  of  their  solutions  (Ramsden  l),  and  in  certain  cases, 
as  in  the  conversion  of  fibrinogen  into  fibrin  (Chapter  VI),  by  the  action  of 
an  enzyme.    The  nature  of  the  processes  which  take  place  during  coagula- 
tion is  unknown.    The  coagulated  albuminous  bodies  are  insoluble  in 
water,  in  neutral  salt  solutions,  and  in  dilute  acids  or  alkalies,  at  normal 
temperature.    They  are  dissolved   and  converted  into  albuminates  by 
the  action  of  less  dilute  acids  or  alkalies,  especially  on  heating. 

Coagulated  proteids  also  seem  to  occur  in  animal  tissues.  We  find,  at 
least  in  many  organs  such  as  the  liver  and  other  glands,  proteids  which  are 
not  soluble  in  water,  dilute  salt  solutions,  or  very  dilute  alkalies,  and  only 
dissolve  after  being  modified  by  strong  alkalies. 

Appendix. 

*  PROTAMIIIS  AHD  HISTOlf S. 

I.  Protamins.  In  close  relationship  to  the  proteids  stands  a  group  of 
substances,  the  protamins,  discovered  by  Miescher,  which  are  designated 
by  Kossel  as  the  simplest  proteids  or  as  the  nucleus  of  the  protein  bodies. 
Thus  far  they  have  only  been  found  in  combination  with  nucleic  acids 
in  fish  spermatozoa.  They  differ  essentially  from  the  proteids  by  the 
fact  that  they  yield  chiefly  diamino  acids  (always  abundant  arginin)  as 
cleavage  products  and  only  very  little  monamino  acids.  They  are  strong 
basic  substances  rich  in  nitrogen  (about  30  per  cent  or  more)  and  have 
nigh  molecular  weight. 

Protamin  was  discovered  by  Miescher  2  in  salmon  spermatozoa.  Later 
Kossel  isolated  and  studied  similar  bases  from  the  spermatozoa  of  herring, 
sturgeon,  mackerel,  and  other  fishes.  As  all  these  bases  are  not  identical, 
Kossel  uses  the  name  protamins  to  designate  the  group  and  calls  the 
individual  protamins  according  to  their  origin  salmin,  dwpein,  scombrin, 
tforin,  aecipenserin,  q/clopterin,  etc. 

The  percentage  composition  of  these  bodies  has  not  been  satisfactorily 
determined.      As    probable    formuke    we    have    for    salmin    C5jHMN1804 

'Du  Bois-Reymond's  Arch.,  1894. 

1  In  regard  to  protamins,  see  Miescher  in  the  histo-chemical  and  physiological  works 
ofFr.  Miescher,  Leipzig,  1897;  Piccard,  Ber.  d.  deutsch.  chem.  Gesellsch.,  7;  Schmiede- 
**rg,  Arch.  f.  exp.  Path.  u.  Pharm.,  37;  Kossel,  Zeitschr.  f.  physiol.  Chem.,  22  (Ueber 
die  basischen  StofTe  dee  Zellkerns)  and  25, 165  and  190,  and  Sitzungsber.  der  Gesellsch. 
*ur  Beford.  der  ges.  Naturwiss.  zu  Marburg,  1897 ;  Kossel  and  Mathews,  Zeitschr.  f. 
Physiol.  Chem.,  23  and  25;  Kossel  and  Kutscher,  ibid.,  31;  Goto,  ibid.,  37;  Kurajeff, 
rtttf./ 32;  Morkowin,  ibid.,  28. 
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^cher-Schmiedeberg)  or  C^H^N^O,  (Kossel  and  Goto),  for  clupeii 
<-'soH«NuOu,  and  for  sturin  Cj,Hfl-Xll(07  (Kossel)  or  CMH71Ni;O0  (Goto). 
On  boiling  with  dilute  mineral  acids  as  also  by  tryptic  digestion  the 
protamins  first  yield  peptone-like  substances  called  proton**,  from  which 
Li  products  are  derived  on  further  cleavage.  Salmin  and  clupein 
yield  unburn  (84.3  or  82.2  pa  rent),  aminovalerianic  acid,  Bad  U  unknown 
residue.  Cycloptcrin  yields  about  62.5  per  cent  arginin,  about  S  per  cent 
tyrosin,  besides  other  unknown  bodies.  Sturin  on  the  contrary  yields  all 
kexon  bases,  12.0  per  cent  hisidin,  5S.2  per  cent  arginin,  and  12  per 
cent  lyxin,  and  besides  these  an  unknown  monamino  acid.  It  contains  for 
even.-  molecule  of  histidtii  one  molecule  of  lysin  and  four  molecules  of  arginin. 

The  more  recent  investigations  of  Kossel  and  Kossel  and  Dakin  '  on 
the  protamins  have  shown  that  salmin  yields  arginin,  o-pyrrolidin  r:ir- 
bonic  acid,  aminovalerianic  acid  and  serin  as  cleavage  products.  Clupein 
yields  arginin,  aminovalerianic  acid,  serin,  and  probably  also  a-pyrrolidin 
carbonic  acid.  The  spermatozoa  of  the  carp  contain  two  different  pro- 
tamins, a- and  /?-cypriiiin.  The  a-eyprinin  contains  little  arginin  (4.9  per 
cent)  and  considerable  lysin  (28.8  per  cent).  The  ^-cyprinin  is  like  the 
other  protamins,  rich  in  arginin  and  poorer  in  lysinr  It  also  contains 
tyrosin,  which  only  exists  in  the  rt-eyprinin  to  a  very  trivial  extent,  and 
probablv  originates  in  this  esse  from  a  contamination  with  /?-cyprinin. 

Solutions  of  these  bases  in  water  are  alkaline  and  have  the  property 
of  giving  precipitates  with  ammoniaeal  solutions  of  protcids  or  primary  pro- 
teoses. These  precipitates  are  considered  as  his  tons  by  Kossel.  The  salts 
with  mineral  acids  are  soluble  in  water,  but  insoluble  in  alcohol  and  other. 
They  are  more  or  less  readily  pn  ■!  by  neutral  salts  (XaCl).     Among 

the  salts  of  the  protamins  the  sulphate,  picratc,  and  the  double-platinum 
chloride  are  the  most  important  and  are  used  in  the  preparation  of  the 
protamins.  The  protamins  are  like  the  proteids,  kevogyrate.  They  give 
ih    biuret  test  bea  but  with  the  exception  of  cyclopterin  do  not 

-  reaction.  The  protamin  salts  arc  precipitated  in  neutn 
or  even  faintly  alkaline  solutions  by  phosphotungstic  acid,  tungstic  ack 
picric  acid,  chromic  acid,  and  alkali  ferrocyanides. 

The  protamins  are  prepared,  according  to  Kosskl,  by  extracting  the 
heads  of  the  spermatozoa,  which  have  previously  been  extracted 
tifiOhol  and  ether,  with  dilute  sulphuric  acid  (1-2  per  Cent),  filtering,  and 
precipitating   with  -l   vols,  of  alcohol.     The  sulphate  may  be  pur 

iod  solution  in  water  and  precipitation  with  alcohol,  and  if  necessary 
i  into  the  pierate.  For  more  details  see  t lie  work.-  ot  ECof 
The  double-platinum  salt  is  best  suited  for  analysis  and  can  be  obtained 
according  to  GOTO  by  precipitating  the  methyl-alcohol  solution  of  the 
protamin  hydrochloride  with  platinum  chloride.  Miescher  also  precipitates 
the  base  as  a  double  platinum  salt. 
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2.  Histons  are  also  basic  proteids  which  stand  to  a  certain  extent 
between  the  protamins  and  the  true  proteids.    Their  content  of  nitrogen 
varies  between  16.5  and  19.8  per  cent  and  in  certain  instances  is  not  higher 
than  in  other  proteids,  especially  vegetable  proteids.    According  to  Kossel 
and  Kutscheb  and  Lawrow  they  are  on  the  contrary  richer  in  basic  nitrogen 
and  especially  yield  more  arginin  than  other  proteids.    Kossel  first  isolated 
&  peculiar  protein  substance  from  the  red  corpuscles  of  goose  blood  which 
was  precipitated  by  ammonia,  and  because  of  its  similarity  in  certain  regards 
to  the  peptones  (in  the  old  sense)  he  called  it  histon.    At  the  present  time 
a  number  of  very  different  bodies  are  described  as  histons,  such  as  those 
obtained  from  nucleohiston  (Lilienfeld),  from  haemoglobin  (globin  accord- 
ing to  Schulz), from  mackerel  spermatozoa  (scombron  according  to  Bang), 
from  the  codfish  (gadushiston  according  to  Kossel  and  Kutscher),  from 
the  frogs,  etc.  (lotahiston,  Ehrstrom),  and  from  the  sea-urchin  (arbacin, 
Mathews).1 

Sulphur  has  been  found  in  those  histons  in  which  it  has  been  tested  for. 
They  give  the  biuret  test,  but  as  a  rule  only  a  faint  Millon  's  reaction.  The 
goose-blood  histon  first  studied  by  Kossel  gives  the  following  three  reac- 
tions: The  neutral  salt-free  solution  first,  does  not  coagulate  on  boiling, 
second,  gives  a  precipitate  with  ammonia  which  is  insoluble  in  an  excess 
of  the  precipitant,  third,  gives  a  precipitate  with  nitric  acid  which  disap- 
pears on  heating  and  reappears  on  cooling. 

The  different  histons  behave  differently  towards  these  three  reactions, 
and  hence  they  are  not  specific.  On  the  other  hand,  all  histons  seem  to 
be  precipitated  from  neutral  solution  by  alkaloid  reagents,  and  they  also 
produce  precipitates  in  proteid  solutions.  These  two  reactions  are  also 
not  specific  for  the  histons,  as  the  protamins  have  a  similar  behavior.  The 
histons  differ  from  the  protamins  by  a  much  lower  content  of  basic  nitrogen, 
and  also  probably  by  always  containing  sulphur.  True  proteids,  as  Os- 
borxe's*  edestan,  also  give  these  two  reactions;  therefore  it  is  impossible 
by  qualitative  reactions  alone  to  identify  a  substance  as  a  histon  with 
positiveness.  The  large  content  of  basic  nitrogen  and  arginin  is  not  a 
sure  point  of  difference  between  histons  and  other  bodies.  Histon  yields 
little  more  than  40  per  cent  basic  nitrogen,  while  a  heteroproteose  yields 
about  the  same,  namely,  39  per  cent.  Histon  yields  14-15.5  per  cent 
arginin  (gadushiston),  and  the  lotahiston  only  12  per  cent.  The  plant- 
globulin  edestin  ■  yields  a  much  larger  amount  of  arginin,  namely,  14.07 

1  Kossel,  Zeitschr.  f.  physiol.  Chem.,  8,  and  Sitzungsber.  der  Gesellsch.  zur  Beford. 
<L  gea.  Wissensch.  zu  Marburg,  1897;  Koesel  and  Kutscher,  ■ibid.,  1900,  and  Zeitschr. 
1  physioL  Chem.,  31;  Lawrow,  ibid.,  28,  and  Ber.  d.  d.  chem.  Gesellsch.,  34;  Lilienfeld, 
Zetechr.  f.  physiol.  Chem.,  18;  Schulz,  ibid.,  24;  Bang,  ibid.,  27;  Ehrstrom,  ibid., 
«;  Mathews,  ibid.,  28. 

1  Zeitschr.  f.  physiol.  Chem.,  83. 

'See  Kossel,  Ber.  d.  d.  chem.  Gesellsch.,  84,  3236. 
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per  cent.  Ulpiani1  has  isolated  a  protein  substance  from  the  sper- 
matozoa of  the  thynnus  vulgaris  (a  fish  similar  to  the  mackerel)  which 
stands  between  the  protamins  and  the  histons.  Its  sulphate  contained 
23.94  per  cent  nitrogen.  It  gave  the  biuret  test  as  well  as  Millon's 
reaction  and  yielded  arginin  on  cleavage  with  sulphuric  acid.  Instead  of 
lysin  and  histidin  other  bases  were  present.  If  the  histons  are  inter- 
mediate bodies  between  the  protamins  and  proteids,  it  is  not  to  be  ex- 
pected that  histons  should  have  perfectly  specific  reactions,  and  for  this 
reason  it  is  hardly  possible  for  the  present  to  give  a  precise  definition  for 
the  histons. 

The  parahiston  found  by  Flbboff  in  the  thymus  gland  yields  so  little  basio 
nitrogen  that  it  probably  does  not  belong  to  the  histon  group  (Kossel  and 
Kutscheb1). 

II.  Compound  Proteids. 

With  this  name  we  designate  a  class  of  bodies  which  are  more  complex 
than  the  proteids  and  which  yield  as  nearest  splitting  products  proteids 
on  the  one  side  and  non-proteid  bodies,  such  as  pigments,  carbohydrates, 
nucleic  acids,  etc.,  on  the  other.* 

The  compound  proteids  known  at  the  present  time  are  divided  into 
three  chief  groups.  These  are  the  haemoglobins,  the  glucoproteids,  and  the 
nucleoproteids.  The  haemoglobins  will  be  treated  in  a  following  chapter 
(Chapter  VI),  on  the  blood. 

Glucoproteids  are  those  compound  proteids  which  on  decomposition 
yield  a  proteid  on  one  side  and  a  carbohydrate  or  derivatives  of  the  same 
on  the  other,  but  no  purin  bodies.  Some  glucoproteids  are  free  from 
phosphorus  (mucin  substances,  chondroproteids,  and  hyalogens),  and 
some  contain  phosphorus  (phosphoglucoproteids). 

The  glucoproteids  free  from  phosphorus  may,  on  account  of  the  carbo-' 
hydrate  groups  split  off,  be  divided  into  two  chief  groups,  the  mucin  sub- 
stances and  the  chondroproteids.  The  first  yields  in  hydrolytic  cleavage 
an  amino-sugar,  which,  with  one  exception/  has  been  shown  to  be  glucos- 
amine. In  the  chondroproteids,  on  the  contrary,  the  proteid  is  united 
to  chondroitin-sulphuric  acid. 

>  Gazz.  chim.  Ital.,  32.     Also  Biochem.  Centralblt.,  1. 

*  Fleroff,  Zeitschr.  f.  physiol.  Chem.,  28;  Kossel  and  Kutscher,  L  c. 

■  Hoppe-Seyler  has  given  the  name  protelde  to  these  compound  proteids,  but  as 
this  term  is  misleading  in  English  we  do  not  use  it  in  English  classifications  in  this 
sense. 

♦See  Schulz  and  Ditthorn,  Zeitschr.  f.  physiol.  Chem.,  29.  When  both  carbo- 
hydrate groups  are  simultaneously  combined  with  one  body,  then  we  are  not  probably 
dealing  with  a  chemical  individual,  but  rather  with  a  mixture. 
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Mucin  Substances.  These  bodies  contain  carbon,  hydrogen,  nitrogen, 
sulphur,  and  oxygen.  Compared  with  proteids  they  are  poorer  in  nitrogen, 
and  as  a  rule  have  also  considerably  less  carbon.  The  carbohydrate  complex, 
whose  nature  has  been  shown  by  the  investigations  of  Fr.  Muller  *  and 
his  pupils,  occurs,  as  it  seems,  in  the  mucin  substances,  as  a  polysaccharide, 
related  to  chitosan,  which  on  hydrolytic  cleavage  yields  glucosamine 
(chitosamine),  and,  at  least  in  most  cases,  also  acetic  acid.  The  mucin 
substances  differ  very  markedly  among  one  another,  hence  we  divide  them 
into  two  groups,  the  mucins  and  the  mucoids. 

The  true  mucins  are  characterized  by  their  natural  solution,  or  one 
prepared  by  the  aid  of  a  trace  of  alkali,  being  mucilaginous,  thread-like, 
and  giving  a  precipitate  with  acetic  acid  which  is  insoluble  in  excess  of  acid 
or  soluble  only  with  great  difficulty.  The  mucoids  do  not  show  these 
physical  properties  and  have  other  solubilities  and  precipitation  properties. 
As  we  have  intermediate  steps  between  different  protein  bodies,  so  also 
we  have  such  between  true  mucins  and  mucoids,  and  a  sharp  line  between 
these  two  groups  cannot  be  drawn. 

It  is  just  as  difficult  at  present  to  draw  a  sharp  line  between  the  pro- 
teids and  the  mucins  or  mucoids,  since  we  have  been  able  to  split  off  carbo- 
hydrate complexes  from  several  proteids,  and  as  the  proteids  of  the  white 
of  egg  are  undoubtedly  glucoproteids.  It  is  immaterial  whether  we 
consider  these  glucoproteids  as  belonging  to  the  mucoids  or  to  a  special 
group  or  not.  From  a  comparative  chemical  standpoint  they  undoubtedly 
belong  to  the  mucoid  group,  which  occurs  in  eggs  to  a  considerable  extent. 
True  mucins  are  secreted  by  the  larger  mucous  glands,  by  certain 
mucous  membranes,  also  by  the  skin  of  snails  and  other  animals.  True 
mucin  also  occurs  in  the  navel-cord.  Sometimes,  as  in  snails  and  in  the 
membrane  of  the  frog-egg  (Giacosa  *),  a  mother-substance  of  mucin,  a 
mucinogen,  has  been  found  which  may  be  converted  into  mucin  by  alkalies. 
Mucoid  substances  are  found  in  certain  cysts,  in  the  cornea,  the  crystalline 
lens,  white  of  egg,  and  in  certain  ascitic  fluids.  The  so-called  tendon 
mucin,  which  according  to  the  recent  investigations  of  Levene,  Cutter 
and  Gies  8  contains  chondroitin-sulphuric  acid  or  a  related  substance,  cannot 
be  classified  as  a  mucin,  but  must,  like  the  chondromucoid  and  the  osseo- 
mucoid, be  classified  as  chondroproteid.  As  the  mucin  question  has  been 
very  little  studied,  it  is  at  the  present  time  impossible  to  give  any  positive 
statements  in  regard  to  the  occurrence  of  mucins  and  mucoids,  especially 
as  without  doubt  in  many  cases  non-mucinous  substances  have  been  de- 
scribed as  mucins. 

1  See  Fr.  Muller,  Zeitschr.  f.  Biologie,  42,  which  contains  all  the  relative  literature, 
and  also  L.  Langstein,  Die  Bildung  von  Kohl  en  hy  drat  en  aus  Eiweiss.  Ergebnisse  der 
Physiologic,  1,  Abt.  1. 

'Zeitschr.  f.  physiol.  Chem.,  7;   also  Hammarsten,  Pfliiger's  Archiv,  36. 

1  Levene,  Zeitschr.  f .  physiol.  Chem. ,  31 ;  Cutter  and  Gies,  Amer.  Journ.  of  Physiol. ,  8. 
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i.  True  Mucins.    Thus  far  we  have  been  able  to  obtain  onlj 
mucins  in  a  pure  and  unchanged  condition,  due  to  the  reagents  used.    The 
elementary  analyses  of  these  mucins  have  given  the  following  results: 

C  H  N         S 
Mucin  from  mucous  membrane  (air- 

passnRcs) 48.26  6.91  10.7  1.4       (Fr.  MCu^r) 

Mucin  from  nub  max  ill  nry 18.8-1  6.80  12.32  0.81     ^Hammarkten) 

Mucin  from  snaiL 50.32  6.84  13.65  1.75     (Hamuarmtf.n ') 

Miu.kr  obtained  35  per  cent  glucosamine  from  mucous-membran© 
mm  in  .Hid  2'A.H  per  cent  from  the  submaxillar}-  mucin. 

By  the  action  of  superheated  steam  on  mucin  a  carbohydrate,  animal 
gum  (Landwehr),  Is  split  oft".  This  has  not  been  substantiated  by  other 
investigators,  such  as  Folin  and  F.  Muller.3  Instead  of  a  non-nitrogenous 
gum  a  nitrogenous  carbohydrate  derivative  was  always  obtained. 

On  boiling  mucin  with  dilute  mineral  acids,  acid  albuminate  and  bodies 
similar  to  proteoses  are.  obtained,  besides  a  reducing  substance  which  is 
not  free  glucosamine  (Steudrl).3  By  the  action  of  stronger  acuta  we 
obtain  among  other  bodies  leucin,  tyrosin,  and  levulinie  acid.  Certain 
mucins,  as  the  submaxillary  mucin,  are  easily  changed  by  very  dilute 
alkalies,  as  lime-water,  while  others,  such  as  tendon-mucin,  are  not  affected. 
If  a  strong  caustic-alkali  solution,  as  a  5  per  cent  KOII  solution,  is  allowed 
to  act  on  submaxillary  mucin,  wc  obtain  alkali  albuminate,  bodies  similar 
to  proteose  and  peptone,  and  one  or  more  substances  of  an  acid  reaction 
and  with  strong  reducing  powers. 

In  one  or  the  other  respect  the  various  mucins  act  somewhat  dissimilarly. 
For  example,  the  snail  and  sputum  mucins  are  insoluble  in  dilute  hydr 
Chloric  acid  of  1-2  p.  m.,  while  the  mucin  of  the  submaxillary  gland  and 
the  navel-cord  are  soluble.  The  first  become  flaky  with  acetic  acid, 
while  the  submaxillary  mucin  is  precipitated  fat  more  or  less  fibrous,  tough 
masses.     Still  all  the  mucins  have  certain  reactions  in  common. 

In  the  dry  state  mucin  forms  a  white  or  yellowish-gray  powder.  When 
moist  it  forms,  on  the  contrary,  Hakes  or  yellowish-white  tough  lumps  or 
masses.  The  mucins  are  acid  in  reaction.  They  give  the  color  rear 
the  protciils.  They  are  not  soluble  in  water,  but  may  give  a  neutral  solu- 
tion with  water  and  the  smallest  quantity  of  alkali.  Such  a  solution  does 
QSgolftte  ori  boiling,  while  acetic  acid  gives  at  the  normal  :ure 

a  precipitate  which  is  nearly  insoluble  in  an  excess  of  the  precipitant.  I." 
5-10  per  cent  NaCl  be  added  to  a  mucin  solution,  this  can  now  be  carefully 
acidified  with  acetic  acid  without  giving  a  precipitate.    Such  acidified  solu- 

'  Fr.  Muller,  Zeitschr.  f.  biologic,  12     Ilammareteii.  Pfliiger'a  Arch.,  30 
'Landwehr,  Zeitschr.  f.  physiol.  Chem..  8,9;    also  Pfliiger's  Arch.,  39  mid  40; 

Folin,  Zeitschr.  f.  physiol.  Chem  ,  23;  Fr.  Muller,  Sitzungsber.  d.  Geaellsch.  *ur  Defor 

d.  gesammt.  Naturwiss.  zu  Murburg,  1896. 
•Zeitschr.  f.  pfaysioL  Chem.,  34. 
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->ns  are  copiously  precipitated  by  tannic  acid;  with  potassium  ferrocyanido 
no  precipitate,  but  on  sufficient  concentration  they  became  thick 
I  neutral  solution  of  mucin-alkali  is  precipitated  by  aloohol 
in  the  presence  of  neutral  salts;  it  is  also  precipitated  by  several  metallic 
salts.  If  mucin  is  heated  on  the  water-bath  with  dilute  hydrochloric  acid 
of  about  2  per  cent,  the  liquid  gradually  booOtttSB  a  yellowish  or  dark  bmwn 
and  reduces  BUproi  from  alkaline  solutions. 

The  mucin  most  readily  obtained  in  large  quantities  is  the  submaxillary 
mucin,  which  may  be  prepare!  in  the  following  way:   The  filtered  watery 
extract  of  the  gland,  free  from  form-elements  and  as  colorless  as  pos 
"b  treated  with  25  per  cent  hydrochloric  Mil  BO  tint  the  liquid  con: 

m,  IH'1.    On  tl»  »n  <>f  the  acid  the  mucin  is  immediately  pre- 

cipitated,  but  b  00   stirring.     If  this  acid   liquiil   i-   immediately 

2-3  vols,  of  water,  the  mucin  separates  and  may  be  pu 
bvredissolving  in  1-5  p.  in.  add,  and  ■  litiitiri.tr  with  water  and  washing  there- 
with. The  mucin  of  the  navel-'  be  prepared  in  the  same  way.1  Aa 
a  rule  the  mucins  can  be  prepared  by  precipitation  with  acetic  Mid  and 
repeated  solution  in  dilute  lime-water  or  alkali  and  reproeipitatiou  with 
acetic  acid.  Finally  they  are  treated  with  alcohol  and  ether.  In  the 
preparation  of  sputum  mucin  a  very  complicated  method  is  necessary 
(Fi.  Mvller). 

a.  Mucoids  or  Mucinoids.  In  this  group  we  must  include  those  non- 
phosphorized  glucoproteids  which  are  neither  true  mucins  nor  ohofidio- 
ils  even  though  they  show  amongst  t hcmselves  such  a  difference  in 
Wiavior  that  they  can  be  divided  into  several  subgroups  of  mucoids. 
To  the  mucoids  belong  p8eudomuc<u.  tin-  probably  related  body  eol 
nemueoid,  and  other  l>odies,  which  on  account  of  their  differences  will  be 
Ust  treated  individually  in  their  respective  chapters. 

Hyalogens-     Under  this  name   Kbukknbsbo1  bai  <h'signated  a   number  of 
ing  bodies,   winch  are  characterised  by   the  Following:    By  the  action  of 

alkali'  ohailR,  with  the  splitting  off  t»f  sulphur  and  some  nitrogen,  into 

soluble  nitrogenized  products  called  by  him  hyalutcs  and  which  yield  a  pure  car- 
irate  bv  further  decomposition,  W  e  find  that  very  heterogeneous  substances 
are  included  in  these  groups.  Certain  of  these  hyalogens  seem  undoubtedly 
lo  be  glucoproteids.  Ncovrin  '  of  the  Chinese  edible  swallow's- nest,  m 
of  DncaafrT's  membrane  and  of  the  capsule  of  the  crystalline  lens,  and  spiro- 
prap/iiV'  of  the  skeletal  I   the  worm  Spirographs  seem  to  act  as  tiu-h. 

Others  on  the  contrary,  such  as  hyalin  "  of  the  walls  of  hydatid  cysts,  ORUpMn  ' 

1  Tl  has  not  been  able  to  obtain  this  pure,  so  the  analysis  is  not  given  in 

the  previous  table  of  the  mucins. 

»V*rb.  d.  phyaik.-med.  Gesellrcb.  zu  Wurzburg,  1883;  also  Zeitscbr.  f.  Biologic,  22. 
1  Krukenberg,  Zeitscbr.  f.  Biologic.  22. 
i      '.    >  ,it,  Zeitscbr.  f.  phyriol.  I  beta  .  18. 
•Krukenberg,  Wurzburg.  Verhnndl.  1883;  also  Zeitscbr.  f.  Biologic,  22. 
'A.  Lucke,  Vircbow's  Arcli.,  19;    also  Krukenberg,  Vergleichende  pbysiol.  Stud., 
Bene*  land  2,  1881. 

'  Schiuiedeberg,  Mitth.  aus  d.  xcol.  Stat,  zu  Neapel,  3,  1882. 
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from  the  tubes  of  Onuphia  tubicola,  do  not  seem  to  be  compound  proteids.  The 
so-called  mucin  of  the  holothures,1  and  chondro8int  of  the  sponge,  Chondrosia 
reniformis,  and  others  may  also  be  classed  with  the  hyalogens.  As  the  various 
bodies  designated  by  Krukenbekg  as  hyalogens  are  very  dissimilar,  it  is  not 
of  much  importance  to  arrange  these  in  special  groups. 

3.  Chondroproteids  are  those  glucoproteids  which  as  closest  cleavage 
products  yield  proteid  and  an  ethereal  sulphuric  acid  containing  a  carbo- 
hydrate, chondroUinrsiUphuric  acid.  Chondromncoid,  occurring  in  cartilage, 
is  the  best  example  of  this  group.  Amyloid  occurring  under  pathological 
conditions  also  belongs  to  this  group.  On  account  of  the  property  of  chon- 
droitin-sulphuric  acid  of  precipitating  proteid  it  is -also  possible  that  under 
certain  circumstances  combinations  of  this  acid  with  proteid  may  be  pre- 
cipitated from  the  urine  and  be  considered  as  chondroproteids. 

The  chondromucoid,  the  so-called  tendon-mucin,  and  the  osseomucoid 
have  greatest  interest  as  constituents  of  cartilage,  of  the  connective  tissues, 
and  of  the  bones,  and  on  this  account  these  bodies  and  their  cleavage  prod- 
uct, chondroitin-sulphuric  acid,  will  be  treated  in  a  following  chapter  (X). 
On  the  contrary,  amyloid,  which  has  always  been  considered  in  connection 
with  the  protein  substances,  will  be  described  here. 

Amyloid,  so  called  by  Virchow,  is  a  protein  substance  appearing  under 
pathological  conditions  in  the  internal  organs,  such  as  the  spleen,  liver,  and 
kidneys  as  infiltrations;  and  in  serous  membranes  as  granules  with  con- 
centric layers.  It  probably  also  occurs  as  a  constituent  of  certain  prostate 
calculi.  The  chondroproteid  occurring  under  physiological  conditions  in 
the  walls  of  the  arteries  is  perhaps,  according  to  Krawkow,  very  nearly 
related  to  the  amyloid  substance  even  if  not  identical. 

Amyloid  was  first  prepared  pure  recently  by  Krawkow.  The  sub- 
stance prepared  by  him  contained  C  48.86-50.38;  H  6.65-7.02;  N  13.79- 
14.07;  and  S  2.65-2.89  per  cent.  Phosphorus  does  not  occur  in  the  pure 
substance.  It  splits,  by  the  action  of  alkali,  into  proteid  and  chondroitin- 
sulphuric  acid  (see  Chapter  X)  and  according  to  Krawkow  is  therefore 
perhaps  an  ester-like  combination  of  this  acid  with  proteid.  According 
to  Mon£ry  *  amyloid  on  the  contrary  contains  phosphorus.  According 
to  him  the  proteid  component  is  a  nuclein  substance  and  the  other  com- 
ponent is  not  identical  with  chondroitin-sulphuric  acid. 

Amyloid  is  an  amorphous  white  substance,  insoluble  in  water,  alcohol, 
ether,  dilute  hydrochloric  and  acetic  acids.  It  is  soluble  in  concentrated 
hydrochloric  acid  or  caustic  alkali  with  decomposition.  On  boiling  with 
dilute  hydrochloric  acid  it  yields  sulphuric  acid  and  a  reducing  substance. 
It  is  not  dissolved  by  gastric  juice  according  to  Krawkow'  and  most  older 

1  Hilger,  Pfluger's  Archiv,  3. 
1  Krukenberg,  Zeitschr.  f.  Biologic,  22. 

1  Krawkow,  Arch.  f.  exp.  Path.  u.  Pharm.,  40,  which  contains  the  literature;  Monery, 
Compt.  rend.  soc.  biol.,  54. 
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statements.  It  is  nevertheless  changed  so  that  it  is  soluble  in  dilute  ammo- 
nia, while  the  genuine  typical  amyloid  is  insoluble  therein.  Amyloid 
gives  the  xanthoproteic  reaction  and  the  reactions  of  Millon  and  Adam- 
hewicz.  Its  most  important  property  is  its  behavior  with  certain  coloring 
matters.  It  is  colored  reddish  brown  or  a  dingy  violet  by  iodine;  a  violet 
or  blue  by  iodine  and  sulphuric  acid;  red  by  methylaniline  iodide,  espe- 
cially on  the  addition  of  acetic  acid ;  and  red  by  aniline  green.  Of  these 
color  reactions  those  with  aniline  dyes  are  the  most  important.  The  iodine 
reaction  appears  less  constant  and  is  greatly  dependent  upon  the  physical 
condition  of  the  amyloid.  The  color  reactions  are  dependent  upon  the 
presence  of  the  chondroitin-sulphuric  acid  component. 

The  preparation  of  amyloid  may  be  performed  as  follows  according 
to  Krawkow:  The  finely  divided  organ  is  exhausted  first  with  water 
and  then  with  dilute  ammonia,  which  leaves  the  insoluble  amyloid  and 
removes  the  free  or  the  combined  chondroitin-sulphuric  acid  besides  other 
substances.  The  product,  after  being  washed  with  water,  is  digested  with 
pepsin  for  several  days  at  38°  C.  The  residue,  after  washing  with  hydro- 
chloric acid  and  water,  is  dissolved  in  dilute  ammonia,  filtered,  again  pre- 
cipitated with  dilute  hydrochloric  acid,  dissolved,  if  necessary,  in  ammonia, 
precipitated  a  second  time  with  hydrochloric  acid,  washed  with  water,  the 
precipitate  dissolved  in  baryta-water,  which  leaves  the  nucleins  undis- 
solved, and  the  barium  filtrate  precipitated  with  hydrochloric  acid,  and 
then  washed  with  water,  alcohol,  and  ether. 

Phosphoglucoproteids.  This  group  includes  the  phosphorized  glucoproteids. 
They  yield  no  xanthine  substances  (nuclein  bases)  as  cleavage  products.  They 
are  not  nucleoproteids  and  therefore  they  must  not  be  considered  together 
with  the  gluconucleoproteids  (nucleoglucoproteids)  or  mistaken  for  them.  On 
pepsin  digestion  they  may  like  certain  nucleoalbumins  yield  pseudonuclein, 
out  they  differ  from  the  nucleoalbumins  in  that  they  yield  a  reducing  substance 
on  boiling  with  dilute  acid.  They  differ  from  the  gluconucleoproteids  in  that 
they  do  not,  as  above  mentioned,  yield  any  xanthine  bodies. 

Only  two  phosphorized  glucoproteids  are  known  at  the  present  time,  namely, 
ichthvlin,  occurring  in  carp  eggs  and  studied  by  Walter  l  and  which  was  con- 
sidered as  a  vitellin  for  a  time.  Ichthulin  has  the  following  composition:  C  53.52; 
H  7.71 ;  N  15.64;  S  0.41;  P  0.43;  Fe  0.10  per  cent.  In  regard  to  solubilities  it 
»  similar  to  a  globulin.  Walter  has  prepared  a  reducing  substance  from  the 
paranuclein  of  ichthulin  which  gave  a  very  crystalline  combination  with  phenyl- 
hydrazin. 

Another  phosphoglucoproteid  is  helicoproteid,  obtained  by  Hammarsten' 
from  the  glands  of  the  snail  Helix  pomatia.  It  has  the  following  composition: 
C  46.99;  H  6.78;  N  6.08;  S  0.62;  P  0.47  per  cent.  It  is  converted  into  a  gummy, 
kvorotatory  carbohydrate,  called  animal  sirmtrin,  by  the  action  of  alkalies 
On  boiling  with  an  acid  it  yields  a  dextrorotatory  reducing  substance. 

The  compound  proteid  found  by  Schulz  and  Ditthorn  8  in  the  pro- 
teid  glands  of  the  frog  probably  belongs  to  this  group,  but  it  does  not  yield 
glucosamine  but  gives  galactosamine  on  cleavage. 

1  Zeitschr.  f.  physiol.  Chem.,  15. 

"  Pfiuger's  Arch.,  36. 

*  Zeitschr.  f.  physiol.  Chem.,  29. 
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Nucleoproteids.     With  this  name  we  designate  those  compound  pi 
which  yield  true  nucleins  (see  Chapter  V)  on  pepsin  digestion  and 
on  treatment  with  dilute  caustic  alkali  yield  on  cleavage  proteid  and  nucleic 
acid. 

The  nucleoproteids  seem  to  be  widely  diffused  in  the  animal  body. 
They  occur  chiefly  in  the  cell-nuclei,  hut  I  hey  also  often  occur  in  the  proto- 
plasm. They  may  pass  into  the  animal  fluids  on  the  destruction  of  the 
ell,  hence  nucleoproteids  have  also  been  found  in  blood-serum  and  other 
fluids. 

They  may  be  considered  as  combinations  of  a  protcid  nucleus  with  a  side 
chain,  which  Kossel  calls  the  prostetic  group.  This  side  chain,  which 
contains  the  phosphorus,  may  be  split  off  as  nucleic  acid  (sec  Chapter  V)  on 
treatment  with  alkali.  As  we  have  several  nucleic  acids,  it  follows  that  we 
must  have  different  nucleoproteids,  depending  upon  the  nucleic  acid  united 
with  the  proteid.  Certain  nucleic  acids  contain  a  readily  split-off  sugar 
(pentose  or  hexose),  others,  on  the  contrary,  not.  In  the  first  case  we 
obtain  from  the  corresponding  nucleoproteid  a  reducing  sugar  on  boiling 
with  dilute  mineral  acid,  while  in  the  other  case  this  is  not  possible.  This 
different  behavior  may  be  accounted  for  by  a  special  group  of  nucleopro- 
teids, the  gluconueleoproteids  or  nucleoglucoproteids.  Such  gluconucleo- 
proteids  yielding  pentoses  occur  in  yeast-cells,  and,  as  it  appears,  are  widely 
distributed  in  the  animal  organism  (1  Ilu.mextiial,  Gbund  '). 

The  native  nucleoproteids  contain  a  variable  but  not  a  high  percentage 
■  »f  phosphorus,  which  Hallihurton  5  found  to  vary  between  0.5  per  cent 
and  1.6  per  cent.  On  heating  their  solutions,  as  well  as  by  the  action  of 
dilute  adda,  a  modification  of  the  compound  proteid  takes  place  and  nucleo- 
proteids of  Strang  acid  character,  poorer  in  proteid  but  richer  in  phosphorus, 
are  formed.  The  native  nucleoproteids  have  faint  acid  properties  and  are 
insoluble  in  water,  but  their  alkali  combinations,  which  are  soluble  in  water, 
Split  on  healing  their  solution  into  coagulated  proteid  and  a  nucleoproteid 
rich  in  phosphorus,  which  remains  in  solution.     In  peptic  digestion  they 

Id  so-called  true  nuclein,  which  is  also  a  nucleoproteid  poor  in  proteid. 
The  proteid  can  be  precipitated  by  acetic  acid  from  its  alkali  combination, 
and  the  precipitate  dissolves  with  more  or  less  readiness  in  an  excess  of 
the  acid.  A  confusion  may  occur  here  with  nucleoalbumins  and  also  with 
mucin  substances.  This  confusion  may  be  avoided  by  warming  the  body 
for  some  time  on  the  water-baih  with  dilute  sulphuric  acid,  nearly  neu- 
tralizing the  boiling-hot  fluid  with  barium  hydrate,  filtering  as  quickly  as 
possible  while  boiling  hot,  supersaturating  the  Citrate  with  ammonia,  and 

1  Blumenth&I,  Berlin,  klin.  Wochenschr.,  1897,  and  Zeitschr.  f.  klin.  Mod.,  34; 
Cnind,  Zeitschr.  f.  phyaiol.  Chcnx,  ZS.  Seo  also  Bendix  and  Lbstein,  Zeitschr.  £. 
aUgem.  Phys.,  2. 

•Journ.  of  Physiol. ,  18. 
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jen  on  cooling  (when  a  precipitate  consisting  of  guanine  is  filtered  off  and 
\y  tested)  testing  for  xanthine  bodies  by  an  ammoniacal  silver  nitrate 
solution-      Any  precipitate  formed  is  examined  a  'ly  by  the.  method 

as  given  in  Chapter  V.  The  nucleoproteids  give  the  color  reactions  of 
the  proteids,  but  those  which  have  been  investigated  are  dextrorotatory 
and  arotatoiy  (GaMGBI  and  JbfflBS  '). 

The  properties  of  the  various  nucleoproteids  are  given  in  detail  in  the 
various  chapters  which  follow. 

III.  Albumoids  or  Albuminoids. 

Under  this  name  we  collect  into  a  special  group  all  those  protein  bodies 
which  cannot  be  placed  in  either  of  the  other  tun  groups,  although  i 
differ  essentially  among  themselves  and  from  a  chemical  standpoint  do  not 
show  any  radical  difference  from  the  true  pmteid  bodies.    The  most  im- 
portant and  abundant  of  the  bodies  belonging  to  this  group  are  important 
the  animal  skeleton  or  the  cutaneous  s-lruclure.     They  0OB0B 
&s  a  rule  in  an  insoluble  state  in  the  organism,  and  they  are  distitigni 
in  moet  cases  by  a  pronounce  1  r<   Stance  to  reagents  which  dissolve  proteids 
nical  reagents  in  general. 
The  Keratin  Group.     Keratin   is   the  chief  constituent  of  the  horny 
structure,  of  the  B|  of  hair,  wool,  of  the  D0  3,  hoofs,  Imrns,  feathers, 

of  tortoise-*he'  to.      Keratin  is  also  found  at  neun>keratin  (Kihne) 

in  the  brain  and  nerves.  The  shell-membrane  of  the  hen's  egg  seems 
also  Id  eonsbt  of  keratin,  and  according  to  tfaUNUUBTJB '  the  organic 
matrix  of  -shells  of  various  vertebrate  animals  belongs  in  most 

cues  to  the  keratin  group. 

It  seems  that  there  exist  a  number  of  keratins,  and  these  form  a  special 
group  of  bodies.  This  fact,  together  with  the  difficulty  in  isolating  the 
keratin  from  the  tissues  in  a  pure  condition  without  a  partial  decomposi- 
tion, is  sufficient  explanal  ion  for  the  variation  in  the  elementary  composition 
given  below.  Afl  examples  the  analyses  of  a  few  tissues  rich  in  keratin  and 
of  keratins  are  given  as  follows: a 

C  H                N                8          0 

Hunan  hair. . .  .        60.66  6.36            17  14             6.00  20.85    (v.  I.^il 

Nad... 51.  uu  '.'Ji           17.51            2.80  21.76 

NwnkentiD  •  •  •  66.11-68  !.".  7.26-8  02  11.46-1 4.32  1.63-2.24  .... 


Horn  (average). . 
fatoiw  ■hJ.  .  . 

iraoe. 


.v.  m> 

49  78 


B  M 

6.66 
6.94 


16.77 
16.43 


3.20 


(Ml'I.DER) 

(Kl'H 

(  HORB  ACZE  WBKI) 
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"f master's  Beitrage,  4. 

5  Kuhne  and  Ewald,  Verb.  d.  tuiturhistor.-med.  Vcreinu  zu  Heidelberg  (N.  F.),  1; 
*bo  Kuhne  and  Chittenden,  Zeitschr.  f.  Biologie,  26;  Neumeister,  ibid.,  31. 

'v.  Laar,  AnnoL  d.  Chcm.  u.  Phann.,  45;  .Mulder,  Versuch  einer  allgera.  pbysiol. 
Own.,  Braunschweig,  1844-61;  Kuhne,  Zeitschr.  f.  Biologic,  26;  Horbaczcwaki,  see 
Drechtel  in  Ladcnburg's  Handwurterbuch  d.  Chan.,  3j  Lindvall,  Maly's  Jahres- 
baridjt,  1881 
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Mohr  *  has  determined  the  quantity  of  sulphur  in  various  keratin  sub- 
stances. Sulphur  is  in  great  part  in  loose  combination,  and  it  is  chiefly 
removed  by  the  action  of  alkalies  (as  sulphides),  or  indeed  in  part  by  boiling 
with  water.  Combs  of  lead  after  long  usage  become  black,  and  this  is  due 
to  the  action  of  the  sulphur  of  the  hair.  On  heating  keratin  with  water  in 
sealed  tubes  to  a  temperature  of  150°  C.  or  higher,  it  dissolves,  with  the 
elimination  of  sulphuretted  hydrogen  or  mercaptan  (Bauer),  and  the 
solution  contains  proteose-like  substances  (Krukenberg)  and  called  atmid- 
keratin  and  atmidkeralose  by  Bauer.2  Keratin  is  dissolved  by  alkalies, 
especially  on  warming,  producing  besides  alkali  sulphides  also  proteose  sub- 
stances. 

Besides  the  well-known  cleavage  products  such  as  leucin,  aspartic  acid, 
glutamic  acid,  arginin,  and  lysin,  Fischer  and  Dorpinqhaus8  have  re- 
cently found  glycocoll,  alanin,  a-aminovalerianic  acid,  a-pyrolidin  car- 
bonic acid,  serin,  phenylalanin,  and  pyrrolidin  carbonic  acid  (secondary 
from  glutamic  acid)  among  the  cleavage  products  of  horn  substances. 
Emmerlino  claims  to  have  found  cystin  as  a  sulphurized  cleavage  product, 
but  K.  Morner  *  has  recently  positively  proven  that  cystin  exists  as  an 
important  cleavage  product.  Morner  obtained  from  ox-horn,  human 
hair,  and  the  shell-membrane  of  the  hen's  egg  6.8,  13.92,  and  7.62  per 
cent  cystin  calculated  on  the  dry  substance.  From  the  amount  of 
sulphur  split  off  by  alkali,  he  concludes  that  at  least  in  ox-horn  and 
human  hair  all  the  sulphur  exists  as  cystin.  Suter,  and  after  him 
Friedmann,5  have  obtained  a-thiolactic  acid  as  a  hydrolytic  cleavage 
product  of  the  keratin  substances.  The  last-mentioned  investigator 
was  also  able  to  detect  thioglycolic  acid  in  the  cleavage  products  of 
wool. 

Bodies  occur  in  the  animal  kingdom  which  form  to  a  certain  extent 
intermediate  bodies  between  coagulated  proteid  and  keratin.  C.  Th. 
Morner*  has  detected  such  a  body  (albumoid)  in  the  tracheal  cartilage, 
which  forms  a  net-like  trabecular  tissue.  This  substance  appears  to  be 
related  to  the  keratins  on  account  of  its  solubilities  and  the  quantity 
of  the  sulphur  (lead-blackening),  it  contains,  while  according  to  its 
solubility  in  gastric  juice  it  must  stand  close  to  the  proteids.  Another 
substance,  more  similar  to  keratin,  is  the  horny  layer  in  the  gizzard  of 


1  Zeitschr.  f.  physiol.  Chem.,  20. 

*  Krukenberg,  Untersuch.  iiber  d.  chem.  Bau  d.  Eiweisskorper.  Sitzungsber.  d. 
Jenaiechen  Gesellsch.  f.  Med.  u.  Naturwissensch.,  1886;  Bauer,  Zeitschr.  f.  physiol 
Chem.,  36. 

*  Zeitschr.  f.  physiol.  Chem.,  86,  which  contains  also  the  older  literature. 

*  Morner,  ibid.,  34;  Emmerling,  Ref.  in  Chemiker  Zeitung,  1894. 

1  Suter,  Zeitschr.  f.  physiol.  Chem.,  20;  Friedmann,  Hofmeister's  Beitrage,  2. 
•See  Maly's  Jahresber.,  18. 
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birds.  According  to  J.  Hedenius  l  this  substance  is  insoluble  in  gastric 
or  pancreatic  juice  and  acts  quite  like  keratin.  It  contains  only  1  per 
cent  sulphur  and  yields  on  decomposition  only  very  little  tyrosin  besides 
considerable  leucin. 

Keratin  is  amorphous  or  takes  the  form  of  the  tissues  from  which  it  was 
prepared.  On  heating  it  decomposes  and  generates  an  odor  of  burnt  horn. 
It  is  insoluble  in  water,  alcohol,  or  ether.  On  heating  with  water  to  150°- 
200°  C.  it  dissolves.  It  also  dissolves  gradually  in  caustic  alkalies,  espe- 
cially on  heating.  It  is  not  dissolved  by  artificial  gastric  juice  or  by  tryp- 
an solutions.  Keratin  gives  the  xanthoproteic  reaction,  as  well  as  the 
reaction  with  Millon's  reagent,  although  not  always  typical. 

In  the  preparation  of  keratin  a  finely  divided  horny  structure  is  treated 
first  with  boiling  water,  then  consecutively  with  diluted  acid,  pepsin- 
hydrochloric  acid,  and  alkaline  trypsin  solution,  and,  lastly,  with  water, 
alcohol,  and  ether. 

Elastin  occurs  in  the  connective  tissue  of  higher  animals,  sometimes  in 
such  large  quantities  that  it  forms  a  special  tissue.  It  occurs  most  abun- 
dantly in  the  cervical  ligament  (ligamentum  nuchse). 

Elastin  used  to  be  generally  considered  as  a  sulphur-free  substance. 
According  to  the  investigations  of  Chittenden  and  Hart,  it  is  a  question 
whether  or  not  elastin  does  not  contain  sulphur,  which  is  removed  by  the 
action  of  the  alkali  in  its  preparation.  H.  Schwarz  has  been  able  to 
prepare  an  elastin  containing  sulphur  from  the  aorta  by  another  method, 
and  this  sulphur  can  be  removed  by  the  action  of  alkalies,  without  changing 
the  properties  of  the  elastin,  and  recently  Zoja,  Hedin  and  Bergh,  Richards 
and  Gies  a  have  found  that  elastin  contains  sulphur.  The  most  trust- 
worthy analyses  of  elastin  from  the  cervical  ligament  (Nos.  1  and  2)  and 
from  the  aorta  (No.  3)  have  given  the  following  results,  which  seem  to 
compare  well  with  each  other. 


c 

H 

N           S           0 

1.    54.32 

6.99 

16.75     21 .94     (Horbaczewski  *) 

2.    54.24 

7.27 

16.70     21 .79     (Chittenden  and  Hart) 

3.    53.96 

7.03 

16.67    0.38     (H.  Schwarz) 

Zoja  found  0.276  per  cent  sulphur  and  16.96  per  cent  nitrogen  in  elastin. 
Hewn  and  Bergh  found  different  quantities  of  nitrogen  in  aorta-elastin, 
depending  upon  whether  Horbaczewski 's  or  Schwarz 's  method  was 
used  in  its  preparation.    In  the  first  case  they  found  15.44  per  cent  nitro- 

1  Skan.  Arch.  f.  Physiol.,  3. 

'Chittenden  and  Hart,  Zeitachr.  f.  Biologie,  25;  Schwarz,  Zeitschr.  f.  physioL 
Chem.,  18;  Zoja,  ibid.,  23;  Bergh,  ibid.,  25;  Hedin,  ibid.;  Richards  and  Gies,  Amer. 
Joum.  of  Physiol.,  7. 

1  Horbaczewski,  Zeitschr.  f.  physioL  Chem.,  6. 
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gen  and  0.55  per  cent  sulphur,  and  in  the  other  14.67  per  cent  nitrogen 
and  0.G6  per  cent  sulphur.  R3CBA2BM  and  (ins  found  0.1 1  per  cent  sulphur 
and  16.87  per  cent  nitrogen  in  elastin.  Abundant  leucin,  but  very  little 
tyrosin,  some  glycocoll,  and  perhaps  aminovalerianic  acid,  but  no  aspartic 
arid  or  glutamic  acid,  are  obtained  amongst  tin  by  In  .lytic  cleavage  prod- 
ucts of  elastin.  The  three  hexon  bases  have  been  obtains  I.  bul  only  in 
very  small  amounts,  so  that  the  basic  nitrogen  only  represents  3.34  per 
cent  of  the  total  nitrogen  (Richards  and  Gies).  This  fact  and  the  very 
low  sulphur  content  make  it  questionable  whether  the  elastin  is  a  unit 
body. 

On  putrefaction  by  anaerobic  micro-organisms  Zoja  found  carbon 
dioxide,  hydrogen,  methane,  mercaptan,  butyric  acid,  valerianic  acid, 
ammonia,  and  possibly  also  phenylpropionic  acid  and  aromatic  oxyaeids. 
Indol  and  skatol  have  not  been  found  in  putrefaction,  but  BCHWABZ,1  on 
the  contrary,  obtained  indol,  skatol,  benzene,  and  phenols  on  fusing  aorta- 
elastin  with  caustic  potash.  On  heating  with  water  in  closed  vessels, 
on  boiling  with  dilute  acids,  or  by  the  action  of  proteolytic  <-nzymes,  the 
elastin  dissolves  and  splits  into  two  chief  products,  called  by  Hohbac- 
zewski  hcmielastin  and  daMa>]xptonc.  According  to  Chittenden  and 
Hart,  these  products  correspond  to  two  proteoses  designated  by  them 
protodastose  and  deiUeroelaxtosc.  The  first  is  soluble  in  cold  water  and 
separates  on  heating,  and  its  solution  is  precipitated  by  mineral  acids  as 
well  as  by  acetic  acid  ami  potassium  fen-ocyanide.  The  water  solution  of 
the  other  does  not  become  cloudy  on  heating,  and  is  not  precipitated  by 
the  above-mentioned  reagents.  According  to  Richards  and  Gies  elastoses, 
especially  protoelastoses,  and  true  peptone  are  formed,  the  latter  only  to  a 
slight  ex 

lure  elastin  when  dry  is  a  yellow  ish-whitc  powder;  in  the  moist  state  it 
appears  like  yellowish-white  threads  or  membranes.  It  is  insoluble  in 
water,  alcohol,  or  ether,  and  shows  B  resistance  against  the  action  of 
chemical  reagents.  It  is  not  dissolved  by  strong  caustic  alkalies  at  the 
ordinary  temperature  and  only  slowly  at  the  boiling  temperature.  It  is 
very  slowly  attacked  by  cold  concentrated  sulphuric  acid,  and  it  is  relatively 
easily  dissolved  on  warming  with  strong  nitric  acid.  Elastins  of  differing 
origins  act  differently  with  cold  concentrated  hydrochloric  acid ;  for  instance, 
elastin  from  the  aorta  dissolves  readily  therein,  while  elastin  from  the 
ligamentum  nucha?,  at  least  from  old  animals,  dissolves  with  difficulty. 
Ela>tin  is  mora  ueadily  dissolved  by  warm  concentrated  hydrochloric  acid. 
It  responds  to  the  xanthoproteic  reaction  and  with  Mn.i.ox's  ren ••■ 

On  account  of  its  great  resistance  to  chemical  reagents,  elastin  may  be 
prepared  (best  from  the  ligamentum  nucha-)  in  the  following  way: 
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boil  with  water,  then  with  1  per  cent  caustic  potash,  then  again  with  water, 
ami  lastly  with  acetic  acid.  The  residue  is  treated  with  cold  •")  per  rent 
hydrofluoric  acid  for  twenty-four  hours,  carefully  washed  with  water, 
boiled  a*:aiu  with  water,  and  then  treated  with  alcohol  and  ether. 


In  rep.nrd  to  the  methods  and  bj  Schwarz,  Richards  and  Gum,  which  are 
tewhat  different,  we  refer  to  the  original  publication. 


Collagen,  or  gelatine-fanning  substance,  occurs  very  extensively  in 
vertebrates.     The  flesh  of  cephalopoda  is  claimed  to  contain   ooflfl 

!  igcn  is  the  chief  constituent  of  the  fibrils  of  the  connective  tissue  and 
(as  ossein)  of  the  organic  substances  of  the  bony  structure.  It  also  occurs 
in  T  :ij*inous  tissues  as  chief  constituent ;  but  it  Is  here  mixed  with 

other  substances  producing  whal  was  formerly  called  chondrigen.  Col- 
lagen from  different  tissues  has  not  quite  the  same  composition,  and  prob- 
ably there  are  several  varieties  of  collagen. 

By  continuously  boiling  into  water  {more  easily  in  the  presence  of  a 
little  acid)  eollui  averted  into  gelatine.     IIofmeistlk  3  found  that 

gelatine  on  being  heated  to  130°  C.  is  again  transformed  into  collagen;  and 
this  last  may  be  considered  as  the  anhydride  of  gelatine.  Collagen  and 
gelatine  have  about  the  same  composition.9 
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50.75 
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Gelatine  from  ten  done 50.11 

tine  from  ligaments.  .  60.49 

Fish  glue  48.69 

Gelatines  of  different  origin  show  a  somewhat  variable  composition, 
which  seems  to  indicate  the  occurrence  of  different  enllagens.  It  is  diffi- 
cult to  u  her  the  variable  content  of  sulphur  is  due  to  a  contam- 
ination with  a  substance  rich  in  sulphur  or  to  a  splitting  off  of  loosely  com- 
bined sulphur  during  the  purification.  C.  Morner  *  has  prepared  a  typical 
gela-  lining  only  0.2  per  cent  of  sulphur  by  a  method  which  elim- 
inated any  possible  changes  due  to  reagem 

The  decomposition  products  of  the  collageris  are  the  same  as  those  of 
the  gelatines.  Besides  the  leurin,  glycoeoll,  aspartic  acid  and  glutamic 
acid  found  by  the  earlier  investigators  as  hydrolytie  cleavage  products 
E.  Fischer  and  collaborators  i  have  obtained  alanin,  phenylalanin,  and 

•  Hoppe-Seylcr,  PhysioL  Chem.,  97. 

■  Zeitschr.  f.  physiol.  Chem.,  2. 

'  Holmeister,  I.  c;  Chittenden  and  Solley,  Journ.  of  PhysioL,  12;  Van  Name, 
Journ.  of  exper.  Med.,  2;  Richards  and  tlies,  Amor.  Journ.  of  Physiol.,  8;  Faust, 
Arch.  f.  exp.  Path   u   Pharm  ,  41. 

'  Zeitschx.  f.  physiol  Chem,  28.     See  alao  Sadikoff,  ibid.,  89. 

1  Fischer.  Levene  and  Aden,  /.eitechr.  f.  physiol.  Chem.,  35.  In  regard  to  the 
flldw  ifnurhon.  nrr  O.  Cohnheim,  ('hemic  die  Eiweiskdrper. 
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a-pyrrolidin  carbonic  acid.  Gelatine  does  not  give  any  tyrosin,  but  does 
yield  considerable  glycocoll  (16.5  per  cent  according  to  E.  Fischer),  which 
because  of  its  sweetish  taste  has  received  the  name  gelatine-sugar.  Gela- 
tine yields  considerable  basic  nitrogen,  according  to  Hausmann  '  35.83  per 
cent  of  the  total  nitrogen.  Drechsel  and  Fischer  found  lysin,  Hedin, 
Kossel  and  Kutscher  *  found  also  arginin,  which  amounted  to  9.3  per 
cent  (Kossel  and  Kutscher).  On  putrefaction  gelatine  gives  neither 
tyrosin,  indol,  nor  skatol.  According  to  Seltrenny3  it  yields  phenyl- 
propionic  acid  and  phenylacetic  acid.  The  aromatic  group  in  gelatine  is 
therefore,  as  directly  shown  by  Fischer  (see  above)  and  also  by  Spiro,* 
represented  by  phenylalanin. 

Collagen  is  insoluble  in  water,  salt  solutions,  dilute  acids,  and  alkalies, 
but  it  swells  up  in  dilute  acids.  By  continuous  boiling  with  water  it  is 
converted  into  gelatine.  It  is  dissolved  by  the  gastric  juice  and  also  by  the 
pancreatic  juice  (trypsin  solution)  when  it  has  previously  been  treated  with 
acid  or  heated  with  water  above  70°  C.6  By  the  action  of  ferrous  sul- 
phate, corrosive  sublimate,  or  tannic  acid,  collagen  shrinks  greatly.  Col- 
lagen treated  by  these  bodies  does  not  putrefy,  and  tannic  acid  is  there- 
fore of  great  importance  in  the  preparation  of  leather. 

Gelatine  or  glutin  is  colorless,  amorphous,  and  transparent  in  thin  layers. 
It  swells  in  cold  water  without  dissolving.  It  dissolves  in  warm  water, 
forming  a  sticky  liquid,  which  solidifies  on  cooling  when  sufficiently  con- 
centrated. As  Pauli  and  Rona  •  have  shown,  various  bodies  may  have 
a  different  action  upon  the  gelatinization-point  of  a  gelatine  solution;  thus 
certain  bodies  such  as  sulphates,  citrates,  acetates,  and  glycerine  may 
accelerate,  while  the  chlorides,  chlorates,  bromides,  alcohol,  and  urea  retard 
this  power. 

Gelatine  solutions  are  not  precipitated  on  boiling,  neither  by  mineral 
acids,  acetic  acid,  alum,  basic  lead  acetate,  nor  metallic  salts  in  general.  A 
gelatine  solution  acidified  with  acetic  acid  may  be  precipitated  by  potassium 
ferrocyanide  on  carefully  adding  the  reagent.  Gelatine  solutions  are  precipi- 
tated by  tannic  acid  in  the  presence  of  salt;  by  acetic  acid  and  common 
salt  in  substance;  mercuric  chloride  in  the  presence  of  HC1  and  NaCl; 
metaphosphoric  acid,  phosphomolybdic  acid  in  the  presence  of  acid;  and 
lastly  also  by  alcohol,  especially  when  neutral  salts  are  present.  Gelatine 
solutions  do  not  diffuse.    Gelatine  gives  the  biuret  reaction,  but  not  Adam- 

1  Zeitechr.  f.  physiol.  Chem.,  27. 

1  Drechsel,  Arch.  f.  Anat.  u.  Physiol.,  1891;  Hedin,  Zeitschr.  f.  physiol.  Chem.,  21  j 
Kossel  and  Kutscher,  ibid.,  3L 
•Monatsheft.  f.  Chem.,  10. 
4  Hofmei8ter's  Beitriige,  1. 

•Kiihne  and  Ewald,  Verh.  d.  Naturhist.  Med.  Vereins  in  Heidelberg,  1877,  L 
•  Hofmeister's  Beitrage,  2. 
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KiEwicz'a.  It  gives  Millon'b  reaction  and  the  xanthoproteic  reaction 
bo  faintly  that  it  probably  occurs  from  an  impurity  consisting  of  pro* 
teids.  According  to  C.  Morner,  pure  gelatine  gives  a  beautiful  Millon's 
reaction,  if  not  too  much  reagent  is  added.  In  the  other  case  no  reaction 
or  only  a  faint  one  is  obtained. 

By  continuous  boiling  with  water  gelatine  is  converted  into  a  non-gelat- 
inizing modification  called  /?-glutin  by  Nasse.  According  to  Nasse  and 
Kruger  the  specific  rotatory  power  is  hereby  reduced  from  — 167.5°  to 
about  — 1360.1  On  prolonged  boiling  with  water,  especially  in  the  presence 
of  dilute  acids,  also  in  the  gastric  or  tryptic  digestion,  the  gelatine  is  trans- 
formed into  gelatine  proteoses,  so-called  gdatoses  and  gelatine  -peptones,  which 
diffuse  more  or  less  readily. 

According  to  Hofmeister  two  new  substances,  semiglutin  and  hemir 
collin,  are  formed.  The  former  is  insoluble  in  alcohol  of  70-80  per  cent 
and  is  precipitated  by  platinum  chloride.  The  latter,  which  is  not  pre- 
cipitated by  platinum  chloride,  is  soluble  in  alcohol.  Chittenden  and 
Solley  *  have  obtained  in  the  peptic  and  tryptic  digestion  a  proto-  and 
a  deuterogelaloae,  besides  some  true  peptone.  The  elementary  composition 
of  these  gelatoses  does  not  essentially  differ  from  that  of  the  gelatine. 

According  to  Levene  *  the  proto-  as  well  as  the  deuterogelatoses  yield 
a  larger  amount  of  glycocoll,  even  20.3  per  cent,  than  the  gelatine  itself. 
Paal*  has  prepared  gelatine  peptone  hydrochlorides  from  gelatine  by 
the  action  of  dilute  hydrochloric  acid.  These  salts  are  partly  soluble  in 
ethyl  and  methyl  alcohol,  and  partly  insoluble  therein.  The  peptones 
obtained  from  these  salts  contain  less  carbon  and  more  hydrogen  than 
the  gelatine  from  which  they  originated,  showing  that  hydration  has  taken 
place.  The  molecular  weight  of  the  gelatine  peptone  as  determined  by 
Paal  by  Raoult's  method  was  200  to  352,  while  that  for  gelatine  was  87S 
to  960.  The  gelatine  peptones  isolated  by  Siegfried  and  his  pupils 
Scheermesser  *  and  Kruger  and  already  mentioned,  are  of  the  greatest 
interest. 

Collagen  (contaminated  with  mucoid)  may  be  obtained  from  bones  by 
extracting  them  with  hydrochloric  acid  (which  dissolves  the  earthy  phos- 
phates) and  then  carefully  washing  the  acid  out  with  water.  It  may  be 
obtained  from  tendons  by  extracting  with  lime-water  or  dilute  alkali 
(which  dissolve  the  proteids  and  mucin)  and  then  thoroughly  washing  with 
water.  Gelatine  is  obtained  by  boiling  collagen  with  water.  The  finest 
commercial  gelatine  always  contains  a  little  proteid,  which  may  be  removed 

1  Nasse  and  Kruger,  Maly  's  Jahresber.,  19, 29.  In  regard  to  the  rotation  of  /?-glutin 
•eeFramm,  Pfluger's  Arch.,  68. 

'Hofmeister,  1.  c;  Chittenden  and  Solley,  1.  c. 
'Levene,  Zeitschr.  f.  physiol.  Chem.,  37. 
'  Ber.  d.  deutsch.  chem.  G eeellsch. ,  2 ."». 
'  Zeitschr.  f.  physiol.  Chem.,  37;  Kruger,  1.  c. 
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by  allowing  the  finely  divided  gelatine  to  swell  up  in  water  and  thoroughly 
extracting  with  lazge  cmantitl  of  fresh  water.  Then  dissolve  in  warm 
water  ind  precipitate  with  alcohol. 

Collagen  (Bag  also  be  purified  from  proteids  as  suggested  by  Van  Name 
by  digesting  with  an  i  trypsin  solution  or  b}-  extracting  the  gelatine 

for  dayi  with  1-5  p.  m.  caustic  potash,  as  suggested  by  C.  UoBMi  \\.  The 
typical  properties  of  gelatine  are  not  change!  by  this. 

Chondrin  or  cartilage  gelatine  is  only  a  mixture  of  gelatine  with  the  specific 
constituents  of  the  cartilage  and  their  transformation  products. 

Reticulin.  The  reticular  tissues  of  the  lymphatic  glands  contain  a 
variety  of  fibres  which   have  also  been  found   by  Mall  in   the  spleen, 

Linal    mucosa,    live?,    kidneys,    and   lungs.     These   fibres   consist  of 
special  substance,  rstaoulin,  investigated  by  SLBuwaav.1 

lU-tieulin  has  the  following  composition:  C  52.88;  H  6.97;  N  15.63; 
S  1.88;  P0.34;  ash  2.27  per  cent.  The  phosphorus  occurs  in  organic  combina- 
tion. It  yields  no  tyrosin  on  cleavage  with  hydrochloric  acid.  It  yields,  on 
the  contrary,  sulphuretted  h\  ammonia,  lysin,  arginin,  and  amino- 

valerianic  acid.  On  continuous  boiling  with  water,  or  more  readily  with 
dilute  alkalies,  reticulin  is  converted  into  a  body  which  Is  precipitated  by 
acetic  acid,  and  at  the  same  time  phosphorus  is  split  off. 

Reticulin  is  insoluble  in  water,  alcohol,  ether,  lime-water,  sodium 
carbonate,  and  dilute  mineral  acid-.  It  is  dissolved,  after  several  weeks, 
on  standing  with  caustic  soda  at  the  ordinary  temperature.  Pepsin-hydro- 
chloric acid  01  trypsin  do  not  dissolve  it.  Reticulin  responds  to  the  biuret, 
xanthoproteic,  and  An\\iMi;w  n/.'s  reactions,  but  not  with  Millon's 
reap- 

According  to  Tf.db  reticulin  is  only  a  somewhat  changed,  impure  collagen, 
but  this  is  disputed  by  BtBOfBXBD.1 

It  may  be  prepared  as  follows,  according  to  Siegfried:  Digest  intes- 
tinal mucosa  with  trypsin  and  alkali.  VV:ish  the  residue,  extract  with 
ether,  and  digest  again  wiih  i  -d  then  treat  with  alcohol  and 

On  careful  boffing  with  water  toe  collagen  present  contamination 

or  as  a  combination  with  reticulin  is  removed.  The  thoroughly  dried 
residue  consists  of  reticulin. 

Ichthylepidin  is  an  organic  substance,  so  called  by  C.  MoRNRR,'  which 
with  collagen  in  fish-scales  and  fo'-tis  about  i  of  the  organic  substance  of  the  same 
lUa  -ut.M.'Uin-  uiiii  1.5.9  par  and  nitrogen  sod  i-i  per  oenl  inlphur  stand* 
account  of  its  properties  rather  close  to  elastin.     It  is  insoluble  in  cold  and  hot 
Water,  as  well  as  in  dilute  acids  and  alkalies  at  the  ordinary  temperature.     On 


'  Mall,  Alihandl.  d.  math.  phya.  Kinase  d.  KrI.  sachs.  GcselUch.  d.  Wiss.,  189!; 
Siegfried.  Debet  die  chum,  eigensch.  dcr  reticulirttm  Gewebe.  Habil.-Schrift.  Leipzig 
1892, 

i  Joum.  of  PfajnrioL,  27;  Siegfried,  ibid.,  2S. 

■  Zduchr.  f.  physiol.  Chem.,  '21  and  37.     See  also  Green  and  Tower,  ibid.,  X"». 
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boiling  with  then  it  dissolves.    Pc|isia-hydfOCUorio  Mid,  as  well  as  an  alkaline 
trypsin  solution,  also  dissolves  it.     It  gives  t«autiful  reactions  with   \ln 

reaction,  and  the  biuret  test.     At   laifft  a  part  of  the 
sulphur  is  split  off  by  the  action  of  alkali. 

Skeletins   are   a   number  of   nitrogenized    substances    which    form    the 
skeletal    tissue  of  van  is  of  invertebrates  so  de  by   Krtj- 

'     These  substances  are  chit  in,  spongin,  OOl  .  and 

{Hrrain  (silk).     Of  these  ehitin  d  belong   to   the   protein  substances, 

and  fibroin  (silk)  is  hardly  to  be  classed  as  a  skeletin.     Only  those  so-called 
skeletins  will  be  given  that  actually  belong  to  the  protein  grm 

Spongin  forms  the  chief  mass  of  the  ordinary  sponge.     It  give*  BO   gelsi 

On  boiling  with  acids,  according  to  the  oldei  il   yields  leuoiii  end 

ml  no  t  to  have  found  tyroBiu  nod  also 

butalanin   and  glue  ■■■.'•     After   HuNoasa  bad   shown   the 

ocrurr  and  bromine  in  organic  combination  in  dmVrm  sand 

nated   the    alhumoid    containing    iodine,   wdospongin,    II  r  iso- 

from  the  ordinary  Bponge,  b)  cleavage  aith  mineral  a<  "iospungin 

whicl  ed  about  0  per  cent  iodine  and  l.~>  per  osni   nikuiur.    Conchiolin 

ufoui  mussels  and  mails  and  also  in  the  MMhaDl  ol  i  bn  -  ■ 

tank    It  jields,  according  to  W  etzel,1  glyooooll,  leuein,  and  abundance  of  tyro- 

«in.    The  quantity  of  di  bta  t"    ^7  pef  cent  and  Lhe  amid 

nitrogen  3.47  percent  (from  the  shell  <»f  pinna).     The  Byssus  contains  a  substance, 

closely  related  to  conchiolin.  which  is  soluble  with  difficulty.     Cornein  forms  the 

axial  system  of  the  Antipathes  and  Gorgonia,     It  gives  loucinand  a  erystallizablo 

■utauince,  curnicrysUiUin.    According  to  Ds  :  thaQor- 

ROOtt  cavolini  contains  nearly  8  per  cent  of  the  dry  substance  as  iodine.     The 

iodine  occurs  in  organic  combination  with  an  iodized  aibumoid,  gorgonin,  which 

aacomein.    Dmcchbel obtained  leuein,  tyroain,  lysin.  ammonia,  and  an  iodised 

unitio  acid,  iodogorgonn  cleavage  products  of  gorgonin.     Hi  \/i  4  could 

only.  :  acid  in  very  small  quantities,  and  by  acid  cleavage  of  gorgonin  he 

obtained  the  three  hexon  bases,  abundance  of  tyrosin,  and  very  I  it  -  On 

cleavage  with  barium  hydrate  he  obtained  only  lysin  besides,  tyrosin  and  glycoeoll 

in  In rg  -uta. 

Fibroin  and   sericin  an?  the  two  chief  constituents  of  raw  silk.     By  the  action 
Of  boiling  water  the  sericin   (silk  gelatine)    dissolves  and  can  he  obtained  by  a 

method  suggested  by  Bonn*/  while  the  more  difficultly  soluble  fibroin  res 
BuSswlvcd  in  the  shape  of  the  original  fibre.    The  sericin,  whose  sufficiently 
concent  rated  hot  solution  gelatinizes  on  cooling,  is  precipitated  by  mineral 
several  met  .  and  by  acetic  acid  and  potassium  ferrocvanide.    As  cleavage 

prod'i-  EftBCHEB    and    Skita    obtained    alaniu,  serin,    very    little    plyeii«.-oll, 

■  I  probably  also  lysin.  Leuein  had  been  found  previously. 
Prom  fibroin  they  obtained,  besides  the  previously  known  cleavage  products, 
glycoroli,  tyrosin,  and  alanin  (Weyl*),  also  leuein,  phenylalanin,  serin 

Physiol,  d.  (bier.  Gerustaubst.      Heidelberg)  1885. 

1  Z.Joco^tji-s,  Cumpt    rend.,  107;   Hundeshagen,  Maly'    Jahreaber,,  -•'>,   li unaaa* 

ZtiUchr    f   phvsiol.  ("bein,  24 

litechr.  f.  pbv.-iul  Chero.,  29,  and  Centralbl.  f.  Phyeiol.,  13.  113. 

'Drechael,  Zeitaehr.  f.  Biologie,  33;   lb-nzc,  Zeitschr.  f.  phyniol.  Chem.,  38. 

•ZwtAchr.  f.  physiol.  Cham  ,  31. 

'Fischer  and  Skita,  ibid.,  33;  Fischer,  ibid.,  39;   Weyl,  Ber.  d.  d.  chem.  Gcaelbch., 
21. 
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din  carbonic  acid  (Fischer),  and  a  small  amount  of  arginin.  The  chief  products 
were  glycocoll,  36  per  cent,  alanin,  21  per  cent,  and  tvrosin,  10  per  cent.  The 
composition  of  the  above-mentioned  albuminoids  is  as  follows:1 


Conchiolin  (from  the  shells  of  pinna).  .  52.70 

(from  snail-eggs) 50.92 

Spongin 46 .  50 

"       48.75 

Cornein 48.96 

Fibroin 48.23 

"      48.30 

Sericin. 44.32 

"     44.50 


APPENDIX  TO  CHAPTER  II. 

HYDROLYTIC    CLEAVAGE  PRODUCTS  OF  THE  PROTEIN  SUBSTANCES. 

i.  Monamino  Acids. 

Glycocoll  (aminoacetic  acid),  CjH5NOj=CHj(NH,)r  also  called  glycin 

COOH 
or  gelatine  sugar,  is  found  in  the  muscles  of  the  Pecten  irradians,  but 
has  chief  interest  as  a  hydrolytic  decomposition  product  of  protein  bodies, 
especially  gelatine,  fibroin,  and  spongin,  as  well  as  of  hippuric  acid  and 
glycocholic  acid.  It  is  also  found  in  the  decomposition  of  uric  acid, 
xanthine,  guanine,  and  adenine. 

The  largest  amounts  of  glycocoll  obtained  thus  far  from  the  protein 
substances  was  from  fibroin  a  (36  per  cent),  gelatine,  and  gelatoses  '  (16.5 
and  20.3  per  cent  respectively). 

Glycocoll  forms  colorless,  often  large,  hard  rhombic  crystals  or  four- 
sided  prisms.  The  crystals  have  a  sweet  taste  and  dissolve  readily  in 
cold  water  (4.3  parts).  It  is  insoluble  in  alcohol  and  ether  and  dissolves 
with  difficulty  in  warm  alcohol.  Glycocoll  combines  with  acids  and  alkalies. 
Among  the  latter  compounds  we  must  mention  those  with  copper  and 
silver.  Glycocoll  dissolves  cupric  hydrate  in  alkaline  liquids  but  does 
not  reduce  at  boiling  heat.  A  boiling-hot  solution  of  glycocoll  dissolves 
freshly  precipitated  cupric  hydrate,  forming  a  blue  solution,  which,  in 
proper  concentration,  deposits  blue  needles  of  glycocoll-copper  on  cooling. 
The  combination  with  hydrochloric  acid  is  readily  soluble  in  water  but 
less  soluble  in  alcohol. 


1  Krukenberg,  Ber.  d.  d.  chem.  Gesellsch.,  17  and  18,  and  Zeitschr.  f.  Biologic,  22; 
Croockewitt,  Annal.  d.  Chem.  u.  Pharm.,  48;  Posselt,  ibid.,  45;  Cramer,  Journ.  f. 
prakt.  Chem.,  96;  Vignon,  Compt.  rend.,  115;    Wetzel,  1.  c,  and  Bondi,  1.  c. 

1  E.  Fischer  and  Skita,  Zeitschr.  f.  pbysiol.  Chem.,  33. 

'E.  Fischer,  Levene  and  Aders,  ibid.,  35;    Levene,  ibid.,  37. 
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It  is  not  precipitated  even  in  a  5  per  cent  solution  by  phosphotungstic 
acid.    By  the  action  of  gaseous  HC1  upon  glycocoll  in  absolute  alcohol,  beau- 
tiful crystals  are  obtained  of  the  hydrochloride  of  glycocoll  ethyl  ester  which 
melts  at  144°  C,  and  from  which  the  glycocoll  ethyl  ester  can  be  obtained 
by  the  method  suggested  by  E.  Fischer  *  for  the  separation  of  glycocoll 
from  the  other  amino  acids.    On  shaking  with  benzoyl  chloride  and  caustic 
soda  hippuric  acid  is  formed,  and  this  is  also  made  use  of  in  different  ways 
in  detecting  and  isolating  glycocoll  (Ch.  Fischer,  Gonnermann,  Spiro  a) 
Glycocoll  can  be  best  prepared  from  hippuric  acid  by  boiling  it  with 
4  parts  dilute  sulphuric  acid  (1:6)  for  ten  to  twelve  hours.    After  cooling 
the  benzoic  acid  is  removed,  the  filtrate  concentrated,  the  remaining  benzoic 
acid  removed  by  extracting  with  ether,  the  sulphuric  acid  precipitated  by 
BaCO,,  and  the  filtrate  evaporated  to  point  of  crystallization.    (In  regard 
to  its  preparation  from  protein  substances  see  below.) 

CH, 
Alanin  (a-aminopropionic  acid),  C,H7N03=CH(NH,),  was  first  obtained 
.  COOH 

by  Wetl  as  a  cleavage  product  of  fibroin.  This  alanin,  the  d-alanin,  has 
been  isolated  by  E.  Fischer  and  his  collaborators 8  more  abundantly  from 
fibroin  (21  per  cent)  and  also  from  sericin  (5  per  cent),  horn  substance 
(1.20  per  cent),  gelatine  (0.8  per  cent),  and  haemoglobin  (2.87  per  cent). 
Alanin  has  a  sweet  taste,  is  readily  soluble  in  water,  and  dissolves  cupric 
Hydrate  on  boiling,  producing  alanin-copper,  which  has  a  deep-blue  color. 
The  specific  rotation  of  the  hydrochloride  (9-10  per  cent  solution)  is  (a)o  = 
+9.68°.  In  regard  to  the  synthetical  preparation  of  i-alanin,  its  cleavage 
as  benzoyl  compound,  and  the  preparation  of  i-alanin  ethyl  ester  we  must 
refe  to  E.  Fischer.4 

CHaOH 
Serin  (a-amino-,9-oxypropionic  acid),  C,H7NO,-CH(NH2),  was  obtained  by 

COOH 
E- Fischer  and  his  collaborators  •  as  a  cleavage  product  from  fibroin  (1.6  per  cent), 
born  substance   (0.68  per  cent),  sericin,  gelatine,  and  casein.    Synthetically  it 
was  prepared  by  E.  Fischer  and  Leuchs'  from  ammonia,  hydrocyanic  acid, 
and  glycol  aldehyde. 

It  does  not  dissolve  readily  in  cold  water  (23  parts  water  at  20°  C.)  but  more 


1  Ber.  d.  d.  chem.  Gesellsch.,  34. 

'Ch.  Fischer,  Zeitschr.  f.  physiol.  Chem.,  19;  Spiro,  ibid.,  28;  Gonnermann, 
Muger's  Arch.,  59. 

'  Weyl,  Ber.  d.  d.  chem.  Gesellsch.,  21;  Fischer  and  Skita,  Zeitschr.  f.  physiol. 
Chem.,  33;  Fischer  and  Dorpinghaus,  ibid.,  36;  Fischer,  Levene  and  Aders,  ibid., 
ft   Fischer  and  Abderhalden,  ibid.,  36. 

1  Ber.  d.  d.  chem.  Gesellsch.,  32  and  34. 

'See  foot-note  5,  page  66. 

'Ber.  d.  d.  chem.  Gesellsch.,  35,  and  Site.  Ber.  d.  Akad.  d.  Wiss.     Berlin,  1902. 
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easily  in  hot  water.    The  solution  is  inactive  and  has  a  sweet  taste.   Serin  crys- 
tallizes from  water  in  thin  plates,  which  melt  at  240°  with  the  generation  of  a  gas. 

CH.CH, 
X/ 
CH 

Amino  valerianic  add,  (\HuNO,-     CH(NH,),  has  been  detected  several  times 

COOH 
among  the  cleavage  products  of  protein  substances.    The  acid  isolated   by  E. 
Fischer  from  horn  substance  (5.70  per  cent)  and  casein,  as  well  as  that  obtained 
by  Schulze  and  Winterstein  *  from  lupin  sprouts,  seems  to  be  dextrorotatory 
a-aminovalerianic  acid. 

Leucin    ( amino caproic  acid,  or,  more  correctly,  a-aminoisobutylacetic 
CH,CH, 

\/ 

CH 
acid,   CgHigNO^     CH,  ,  is  produced  from  protein   substances   in 

CH(NH^ 

COOH 
their  hydrolytic  cleavage  by  proteolytic  enzymes  or  by  boiling  with  dilute 
acids  or  alkalies  or  by  fusing  with  alkali  hydrates  and  by  putrefaction. 
Because  of  the  ease  with  which  leucin  and  tyrosin  are  formed  in  the  decom- 
position of  protein  substances,  it  is  difficult  to  positively  decide  whether 
these  bodies  when  found  in  the  tissues  are  constituents  of  the  living  body 
or  are  only  to  be  considered  as  decomposition  products  formed  after  death. 
Leucin  it  seems  has  been  found  as  a  normal  constituent  .of  the  pancreas 
and  its  secretion,  in  the  spleen,  thymus,  and  lymph  glands,  in  the  thyroid 
gland,  in  the  salivary  glands,  in  the  kidneys  and  liver.  It  also  occurs  in 
the  wool  of  sheep,  in  dirt  from  the  skin  (inactive  epidermis),  an,d  between 
the  toes,  and  its  decomposition  products  have  the  disagreeable  odor  of 
the  perspiration  of  the  feet.  It  is  found  pathologically  in  atheromatous 
cysts,  ichthyosis  scales,  pus,  blood,  liver,  and  urine  (in  diseases  of  the 
liver  and  phosphorus  poisoning).  Leucin  occurs  often  in  invertebrates 
and  also  in  the  plant  kingdom.  On  hydrolytic  cleavage  various  protein 
substances  yield  different  amounts  of  leucin.  Erlenmeyer  and  Schoffer 
obtained  36-45  per  cent  leucin  from  the  cervical  ligament,  Cohn  32  per 
cent  from  casein,  and  Nencki  1.5-2  per  cent  from  gelatine.  E.  Fischer 
and  Abderhalden  obtained  20  per  cent  leucin  from  haemoglobin,  Fischer 
and  Dorpinghaus  18.3  per  cent  from  horn  substance,  and  Fischer  and 
Skita  1.5  per  cent  from  fibroin.2 


1  Fischer,  Zeitachr.  f.  phyaiol.  Chem.,  36  and  33;  Schulze  and  Winterstein,  ibid.,  35. 

*  Erlenmeyer  and  Schoffer,  cited  from  Maly,  Chem.  d.  Verdauungssafte,  in  Her- 
mann's Handb.  d.  Physiol.,  5,  Theil  2,  p.  209;  Cohn,  Zeitachr.  f.  phyaiol.  Chem.,  22; 
Nencki,  Journ.  f.  prakt.  Chem.  (N.  F.),  15;  Flacker  and  his  collaborators,  see  page  66, 
foot-note  5. 
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Leucin  occurs,  like  other  monamino  acids,  in  the  1-,  d-,  and  i-modifica- 
tions.  The  leucin  obtained  by  cleavage  of  protein  substances  is  generally 
the  form  which  is  dextrorotatory  in  acid  or  alkaline  solutions.  The 
leucin  prepared  synthetically  by  Hutner  *  from  isovaleraldehyde,  ammonia, 
and  hydrocyanic  acid  is  optically  inactive.  Inactive  leucin  may  also 
be  prepared,  as  shown  by  E.  Schulze  and  Bosshard,*  by  the  cleavage 
of  proteids  with  baryta  at  160°  C.  or  on  heating  ordinary  leucin  with 
baryta-water  to  the  same  temperature.  The  laevorotatory  modification 
may  be  formed  from  the  inactive  leucin  by  the  action  of  penicillum 
glaucum.  On  benzoylating  i-leucin  we  obtain  i-benzoyl-leucin,  from  whose 
cinchonine  and  quinidine  salts  first  d-  and  then  1-benzoyl-leucin  are  pre- 
pared and  then  by  hydrolytic  cleavage  d-  and  1-leucin  may  be  obtained 
(E.  Fischer).  On  oxidation  the  leucins  yield  the  corresponding  oxy acids 
(leucinic  acids).  Leucin  is  decomposed  on  heating,  evolving  carbon 
dioxide,  ammonia,  and  amylamine.  On  heating  with  alkalies,  as  also  in 
putrefaction,  it  yields  valerianic  acid  and  ammonia. 

Leucin  crystallizes  when  pure  in  shining,  white,  very  thin  plates,  usually 
forming  round  knobs  or  balls,  either  appearing  like  hyalin  or  alternating 
light  or  dark  concentric  layers  which  consist  of  radial  groups  of  crystals. 
On  slowly  heating  they  melt  at  170°  C.  and  sublime  in  white,  woolly  flakes, 
which  are  similar  to  sublimed  zinc  oxide.  At  the  same  time  an  odor  of 
amylamine  is  developed. 

Leucin  as  obtained  from  animal  fluids  and  tissues  is  very  easily  soluble 
in  water  and  rather  easily  in  alcohol.  Pure  leucin  is  soluble  with  difficulty. 
Pure  1-  and  d-leucin  dissolve  in  40-46  parts  water,  more  readily  in  hot 
alcohol,  but  with  difficulty  in  cold  alcohol.  The  i-leucin  is  much  less  soluble. 
According  to  Habermann  and  Ehrenfeld  8  100  parts  of  boiling  glacial 
Metic  acid  dissolve  29.93  parts  of  leucin.  The  specific  rotation  of  the 
ordinary  leucin,  dissolved  in  hydrochloric  acid,  is  about  (o:)di»  +  17.5. 

The  solution  of  leucin  in  water  is  not,  as  a  rule,  precipitated  by  metallic 
salts.  The  boiling-hot  solution  may,  however,  be  precipitated  by  a  boiling- 
hot  solution  of  copper  acetate,  and  this  is  made  use  of  in  separating  leucin 
from  other  substances.  If  the  solution  of  leucin  is  boiled  with  sugar  of 
lead  and  then  ammonia  be  added  to  the  cooled  solution,  shining  crystalline 
leaves  of  leucin-lead  oxide  separate.  Leucin  dissolves  cupric  hydrate, 
but  does  not  reduce  on  boiling. 

Leucin  is  readily  soluble  in  alkalies  and  acids.  It  gives  crystalline  com- 
pounds with  mineral  acids.  If  leucin  hydrochloride  is  boiled  with  alcohol 
containing  3-4  per  cent  HC1,  long  narrow  crystalline  prisms  of  hydrochloric- 
acid  leucin    ethyl    ester   melting    at    134°  C.  are   formed    (Rohmann). 

1  Journ.  f.  prakt.  Chem.  (N.  F.),  1. 

'  See  Zeitachr.  f.  physiol.  Chem.,  9  and  10. 

*  Zeitachr.  f.  phyaiol.  Chem.,  37. 
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The  same  is  produced  by  the  action  of  gaseous  HC1  upon  leucin  and  alcohol 
and  the  free  ethyl  ester  can  be  obtained  from  this  by  the  method  suggested 
by  E.  Fischer.1  This  ester  can  be  separated  from  the  other  amino-acid 
esters  by  distillation.  The  leucin  can  be  prepared  from  the  ester  by  boil- 
ing with  water  for  a  long  time.  The  picrate  of  the  leucin  ester  melts' at 
128°  C.  The  phenylisocyanate  compound  of  i-leucin  melts  at  165°  C. 
and  its  anhydride  at  125°  C. 

Leucin  is  recognized  by  the  appearance  of  balls  or  knobs  under  the 
microscope,  by  its  action  when  heated  (sublimation  test),  and  by  its 
compounds,  especially  the  hydrochloride  and  picrate  of  the  ethyl  ester 
and  the  phenylisocyanate  compound  of  the  racemic  leucin  obtained  by 
heating  with  baryta-water.  Leucin  must  first  be  isolated  before  it  can 
be  detected,  and  this  is  best  done  by  the  preparation  of  the  ethyl  ester  and 
then  distilling  it. 

C  H  PH  NH  CIO 

Leudnimid,  CuHbNjOj-  *  '"(jqWcH  C  H '  wa8  ^^  0^taine^  by  Rnr- 
hausen  in  the  hydrolytic  cleavage  products  on  boiling  proteids  with  acids  and 
subsequently  by  R.  (John.  Salaskin*  obtained  it  in  the  peptic  and  tryptic 
digestion  of  hemoglobin.  It  may  probably  be  formed  as  anhydride  of  leucin 
(2.5  diacipiperazine)  by  a  secondary  change  from  leucin. 

It  crystallizes  in  long  needles  and  sublimes  readily.  The  melting-point  has 
not  been  found  constant  in  the  different  cases.  The  lcucinimid  (3.6-di-isobutyl- 
2.5  diacipiperazine)  prepared  synthetically  by  E.  Fischer  *  from  leucin  ethyl  ester 
melted  at  271°  C. 

COOH 

Aspartic  Add   (aminosuccinic   acid),   C<H7N04=/1TI  ,  has   been 

COOH 

obtained  on  the  cleavage  of  protein  substances  by  proteolytic  enzymes 
as  well  as  by  boiling  them  with  dilute  mineral  acids.  Hlasiwetz  and 
Habermann  obtained  23.8  per  cent  from  ovalbumin  and  9.3  per  cent 
from  casein,  although  not  quite  pure.  E.  Fischer  and  co-workers4  ob- 
tained 3.29  per  cent  aspartic  acid  from  haemoglobin,  2.50  per  cent 
from  horn  substance,  and  0.56  per  cent  from  gelatine.  This  acid  also 
occurs  in  secretions  of  sea-snails  (Henze  8)  and  is  very  widely  diffused 
in  the  vegetable  kingdom  as  the  amid  Asparagin  (aminosuccinic-acid  amid), 
which  seems  to  be  of  the  greatest  importance  in  the  development  and 
formation  of  the  proteids  in  the  plants. 

1  Rohmann,  Ber.  d.  d.  chem.  Gesellsch.,  30;  E.  Fischer,  ibid.,  34. 

3  Ritthausen,  Die  Eiweisskorper  der  Getreid Garten,  etc.,  Bonn,  1872;  R.  Cohn, 
Zeitschr.  f.  physiol.  Chem.,  22  and  29;  Salaskin,  ibid.,  32. 

'  Ber.  d.  d.  chem.  Gesellsch.,  34. 

4  Hlasiwetz  and  Habermann,  Annal.  d.  Chem.  u.  Pharm.,  158  and  188;  E.  Fischer 
and  collaborators,  see  foot-note  5,  page  66. 

'  Ber.  d.  d.  chem.  Gesellsch.,  84. 
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Aspartic  acid  dissolves  in  256  parts  water  at  10°  C.  and  in  18.6  parts 
boiling  water,  and  crystallizes  on  cooling  as  rhombic  prisms.  The  acid 
prepared  from  protein  substances  is  optically  active,  and  its  4  per  cent  solu- 
tion acidified  with  HG1  has  a  rotation  (a)D—  +25.7°  and  dextrogyrate  or 
kvogyrate  in  a  watery  solution,  depending  upon  the  temperature.  It 
forms  with  copper  oxide  a  crystalline  combination  which  is  soluble  in  boiling- 
hot  water  and  nearly  insoluble  in  cold  water,  and  which  may  be  used  in 
the  preparation  of  the  pure  acid  from  a  mixture  with  other  bodies. 

In  regard  to  the  benzoylaspartic  acids  and  the  diethylester  we  must 
refer  to  the  work  of  E.  Fischer  and  his  collaborators.  For  the  detection 
we  make  use  of  the  analysis  of  the  free  acid  and  the  copper  salts  as  wel- 
as  the  specific  rotation. 

COOH 
CH(NH,) 

Glutamic  acid  (a-aminoglutaric  acid),  C,H,N04=CH2         ,  is  obtained 

CH, 
COOH 
from  the  protein  substances  under  the  same  conditions  as  the  other  mon- 
amino  acids  and  from  the  peptones  (Siegfried).  Hlasiwetz  and  Haber- 
mann  obtained  29  per  cent  from  casein  by  cleavage  with  hydrochloric  acid. 
while  Kutscher  could  only  obtain  1.8  per  cent  glutamic  acid  by  cleavage 
with  sulphuric  acid.  Horbaczewski  has  obtained  15-18  per  cent  glu- 
tamic acid  from  gelatine  and  about  the  same  amount  from  horn,  while 
Fischer  and  Dorpinghaus  obtained  only  3  per  cent  from  horn.  Fischer 
and  Abderhalden  obtained  1.06  per  cent  from  haemoglobin,  and  Kutscher  * 
3.66  per  cent  from  thymus  histon. 

Glutamic  acid  crystallizes  in  rhombic  tetrahedra  or  octahedra  or  in 
small  leaves.  It  melts  at  135-140°  C.  with  partial  decomposition.  It  dis- 
solves in  100  parts  water  at  16°  C,  and  in  1500  parts  80  per  cent  alcohol.  It 
b  insoluble  in  alcohol  and  ether.  The  d-glutamic  acid  obtained  from  pro- 
teids  by  boiling  with  an  acid  is  dextrorotatory;  a  5  per  cent  solution  of 
glutamic  acid  containing  9  per  cent  HC1  has  a  rotation  (a)D= +31.7°, 
while  that  obtained  by  heating  with  barium  hydrate  is  optically  inactive. 
The  d-glutamic  acid  forms  a  beautifully  crystalline  combination  with  hydro- 
chloric acid,  which  is  nearly  insoluble  in  concentrated  hydrochloric  acid. 
This  combination  is  used  in  the  isolation  of  glutamic  acid.  On  boiling  with 
cupric  hydrate  a  beautiful  crystalline  copper  salt,  which  is  soluble  with  diffi- 
culty, is  obtained.  Like  the  monamino  acids  in  general,  glutamic  acid  is 
*©t  precipitated  by  phosphotungstic  acid.  In  regard  to  the  benzoylglu- 
tamic  acids  and  the  diethylester  we  must  refer  to  the  works  of  Fischer.2 

'Hlasiwetz  and  Habermann,  1.  c,  159;  Kutscher,  Zeitschr.  f.  physiol.  Chem.,  28 
*nd  38;  Horbaczewski,  Maly's  Jahres.,  10;  Fischer  and  collaborators,  1  c. 
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The  hydrochloride,  the  analysis  of  the  free  acid,  and  the  specific  rotation 
are  used  in  its  detection. 

CA(OH) 

CH, 
Tyrosin  (p-oxyphenyl-a-aminopropionic  acid),  C*HuNO,«*CH(NH,),   is. 

COOH 

produced  from  most  protein  substances  (not  from  gelatine  and  reticulin) 
under  the  same  conditions  as  leucin,  which  it  habitually  accompanies.  The 
largest  quantity  of  tyrosin  obtained  from  animal  proteids  was  obtained 
by  Fischer  and  Skjta  from  fibroin,  namely,  10  per  cent.  The  maxi- 
mum obtained  from  thymus  histon  (Kutscher)  was  6.3  per  cent,  from 
horn  substance  (R.  Cohn)  4.6  per  cent,  from  casein  (Reach)  4.55  per  cent, 
from  fibrin  (Kuhne)  3.86  per  cent,  from  ovalbumin,  seralbumin,  and  ser- 
globulin  (K.  Morner)  2.4, 2.0,  and  3.0  per  cent  respectively,  from  syntonin 
(Reach)  1.37  per  cent,  from  haemoglobin  (Fischer  and  Abderhalden) 
1.5  per  cent,  and  from  elastin  (Schwarz  x)  0.34  per  cent.  It  is  especially 
found  with  leucin  in  large  quantities  in  old  cheese  (Tvpos),  from  which 
it  derives  its  name.  Tyrosin  has  not  with  certainty  been  found  in  per- 
fectly fresh  organs.  It  occurs  in  the  intestine  in  the  digestion  of  proteid 
substances,  and  it  has  about  the  same  physiological  and  pathological  im- 
portance as  leucin. 

Tyrosin  was  prepared  by  Erlenmeyer  and  Lipp  from  p-aminophenyl- 
alanin  by  the  action  of  nitrous  acid,  and  according  to  another  method  by 
Erlenmeyer  and  Halsey.'  On  fusing  with  caustic  alkali  it  yields  p-oxy- 
benzoic  acid,  acetic  acid,  and  ammonia.  On  putrefaction  it  may  yield 
p-hydrocoumaric  acid,  oxyphenylacetic  acid,  and  p-cresol. 

Naturally  occurring  tyrosin  and  that  obtained  by  the  cleavage  of  protein 
substances  is  generally  1-tyrosin,  while  that  obtained  by  decomposition  with 
baryta-water  or  prepared  synthetically  is  i-tyrosin.  v.  Lippmann  s  has 
obtained  d-tyrosin  from  beet-sprouts.  The  specific  rotation  of  ordinary 
tyrosin  dissolved  in  21  per  cent  hydrochloric  acid  varies  somewhat;. 
(a)D=  +7.98  and  8.64°.  < 

Tyrosin  in  a  very  impure  state  may  be  in  the  form  of  balls  similar  to- 
leucin.     The  purified  tyrosin,  on  the  contrary,  appears  as  colorless,  silky, 

1  Fischer  and  Skita,  1,  c;  Kutscher,  Zeitechr.  f.  physiol.  Chem.,  38;  R.  Cohn,  ibid., 
26;  Reach,  Virchow's  Arch.,  168;  Kuhne,  ibid.,  39;  K.  Morner,  Zeitechr.  f.  physioL 
Chem.,  34;  Fischer  and  Abderhalden,  xbid.,\  c;  Schwarz,  ibid.,  18. 

'Erlenmeyer  and  Lipp,  Ber.  d.  d.  chem.  Geseusch.,  15;  Erlenmeyer  and  Halsey,. 
ibid.,  30. 

« Ibid.,  17. 

4  See  Hoppe-Seyler-Thierfelder,  Handb.  d.  physiol.  u.  pathol.  Chem.  Analyse,  7- 
Auflage,  1903. 


PHENYLALANW.  73 

fine  needles  which  are  often  grouped  into  tufts  or  balls.    It  is  soluble  with 

difficulty  in  water,  being  dissolved  by  2454  parts  water  at  20°  C.  and  154 

parts  boiling  water,  separating,  however,  as  tufts  of  needles  on  cooling.    It 

dissolves  more  easily  in  the  presence  of  alkalies,  ammonia,  or  a  mineral  acid. 

It  is  difficultly  soluble  in  acetic  acid.    Crystals  of  tyrosin  separate  from  an 

ammoniacal  solution  on  the  spontaneous  evaporation  of  the  ammonia.    One 

hundred  parts  glacial  acetic  acid  dissolve  on  boiling  only  0.18  parts  tyrosin, 

and  by  this  means,  especially  on  adding  an  equal  volume  of  alcohol  before 

boiling,   the  leucin  can  be    quantitatively  separated   from  the   tyrosin 

(Habermann  and  Ehrenfeld).    The  1-tyrosin  ethyl  ester  crystallizes  in 

colorless  prisms  which  melt  at  108-109°  C.    Tyrosin  can  be  oxidized  with 

the  formation  of  dark-colored  products  by  various  plant  as  well  as  animal 

oxidases,  so-called  tyrosinases  (see  Chapter  I).    By  the  enzyme  occurring 

in  beet- juice  tyrosin  can  be  converted  into  homogentisic  acid  (Gonner- 

mann  *).    Tyrosin  is  identified  by  its  crystalline  form  and  by  the  following. 

reactions: 

Piria's  Test.  Tyrosin  is  dissolved  in  concentrated  sulphuric  acid  by 
the  aid  of  heat,  by  which  tyrosin-sulphuric  acid  is  formed;  it  is  allowed  to> 
cool,  diluted  with  water,  neutralized  by  BaC08,  and  filtered.  On  the  addi- 
tion of  a  solution  of  ferric  chloride  the  filtrate  gives  a  beautiful  violet  color. 
This  reaction  is  disturbed  by  the  presence  of  free  mineral  acids  and  by  the 
addition  of  too  much  ferric  chloride. 

Hofmann's  Test.  If  some  water  is  poured  on  a  small  quantity  of 
tyrosin  in  a  test-tube  and  a  few  drops  of  Millon's  reagent  added  and  then 
the  mixture  boiled  for  some  time,  the  liquid  becomes  a  beautiful  red  and 
then  yields  a  red  precipitate.  Mercuric  nitrate  may  first  be  added,  then, 
after  this  has  boiled,  nitric  acid  containing  some  nitrous  acid. 

Dexiges'  Test,  modified  by  C.  Morner,3  is  performed  as  follows:  To> 
a  few  cubic  centimeters  of  a  solution  consisting  of  1  vol.  formaline,  45  vols, 
water,  and  55  vols,  concentrated  sulphuric  acid  add  a  little  tyrosin  in  sub- 
stance or  in  solution  and  heat  to  boiling.  A  beautiful  permanent  green, 
coloration  is  obtained. 

Phenylalanin     (phenyl- a-aminopropionic     acid),  CBHuNOa —  CH2.C8HS 

CH(NH.) 

COOH 

was  first  found  by  E.  Schulze  and  Barbieri  8  in  etiolated  lupin  sprouts. 

It  is  produced  in  the  acid  cleavage  of  protein  substances.    E.  Fischer 

and  his  collaborators  *  obtained  3.38  per  cent  phenylalanin  from  hjemo- 


'Pfluger's  Arch.,  82. 

'Deniges,  Compt.  rend.,  130;  C.  Morner,  Zeitschr.  f.  physioL  Chem.,  37. 

*  Ber.  d.  d.  chem.  Gesellsch.,  14,  and  Zeitschr.  f.  physiol.  Chem.,  12. 

*  See  foot-note  5,  page  66. 
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globin,  3.0  per  cent  from  horn  substance,  2.5  per  cent  from  ovalbumin  and 
casein,  1.5  per  cent  from  fibroin,  and  0.4  per  cent  from  gelatine. 

The  1-phenylalanin  crystallizes  in  small,  shining  leaves  or  fine  needles 
'which  are  rather  difficultly  soluble  in  cold  water  but  readily  soluble  in 
hot  water.  A  5  per  cent  solution  acidified  with  hydrochloric  acid  or  sul- 
phuric acid  is  precipitated  by  phosphotungstic  acid,  while  a  more  dilute 
solution  is  not  precipitated.  On  putrefaction,  phenylalanin  yields  phenyl- 
acetic  acid.  On  heating  with  potassium  dichromate  and  sulphuric  acid 
(25  per  cent)  an  odor  of  phenylacetaldehyde  is  produced  and  benzoic  acid 
is  formed. 

The  separation  and  preparation  of  the  four  amino  acids,  leucin,  aspartic 
acid,  glutamic  acid,  and  tyrosin,  from  a  mixture  of  hydrolytic  decomposi- 
tion products  of  protein  substances  is  performed  essentially  according 
to  the  method  suggested  by  Hlasiwetz  and  Habermann  with  the  modi- 
fications and  changes  proposed  by  other  investigators.  The  isolation  and 
purification  of  the  amino  fatty  acids,  of  phenylalanin,  and  of  a-pyrroli- 
din  carbonic  acid  according  to  E.  Fischer  consists  essentially  in  esteriz- 
ing  the  acids  first  with  hydrochloric  acid  and  alcohol,  separating  the 
ester  from  the  hydrochloride  by  means  of  alkali  and  then  fractionally 
distilling  the  ester  under  very  low  pressure,  and  finally  saponifying  the 
different  fractions  by  boiling  with  water  or  by  heating  with  baryta-water. 
It  is  not  within  the  scope  of  this  book  to  give  a  detailed  description  of 
these  methods,  therefore  we  must  refer  for  further  information  to  Hoppe- 
Seyler-Thierfelder's  "Handbuch  der  physiologisch-  und  pathologisch- 
chemischen  Analyse,"  7.  Auflage,  which  also  contains  the  literature  on  the 
subject. 

Cystin  (a-diamino-^-dithiodi-lactylic  acid), 

CpJXfr04 = CH2— S— S— CH, 

CHCNHj)       CH(NH,) 
COOH  COOH 

was  first  obtained  with  positiveness  as  a  cleavage  product  of  protein  sub- 
stances by  K.  Morner,  and  then  also  by  Embden.  Kulz  l  obtained  it 
also  once  as  a  product  of  tryptic  digestion  of  fibrin.  Morner  obtained 
6.8  per  cent  cystin  from  ox-horn,  13.92  per  cent  from  human  hair,  7.62 
per  cent  from  the  membrane  of  the  hen-egg,  2.53  per  cent  from  seral- 
bumin, 1.51  per  cent  from  serglobulin,  1.17  per  cent  from  fibrinogen,  and 
0.29  per  cent  from  ovalbumin. 

Erlenmeyer,  Jr.,1  has  prepared  cystein  and  cystin  synthetically  from  formyl- 
hippuric  acid  ester  with  monobenzoylserin  ester  and  benzoylthioserin  ester  as 
intermediate  steps. 

1  K.  Morner,  Zeitachr.  f.  physiol.  Chem.,  28  and  34;  Embden,  ibid.,  32;  Kills, 
Zeitechr.  f.  Biologie,  27. 

*Ber.  d.  d.  chem.,  Gesellach.,  36. 
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Cystin  occurs  in  rare  cases  in  the  urine  or  as  a  calculus,  and  has  also  been 
found  in  ox-kidneys,  in  the  liver  of  the  horse  and  dolphin,  and  as  traces 
in  the  liver  of  a  drunkard.  Abderhalden  '  has  found  cystin  in  the  urine, 
and  also  abundantly  in  the  organs  (spleen)  in  a  case  of  cystin  diathesis. 

The  constitution  of  cystin  has  been  explained  by  Friedmann,1  and 
he  has  also  established  the  relationship  between  cystin  and  taurin.  Cystin 
is  the  disulphide  of  cystein,  which  is  a-amino-/3~tbiolactic  acid.  From 
cystein  Friedmann  obtained  cysteinic  acid  (aminosulphopropionic  acid)r 

CHjSOjOH 
ClH7NSO,=CH(Niy ,  from  which  taurin  is  produced  by  splitting  off  COa. 
COOH 
Cystin  crystallizes  in  thin,  colorless,  hexagonal  plates.  It  is  not  soluble 
in  water,  alcohol,  ether,  or  acetic  acid,  but  dissolves  in  mineral  acids  and 
oxalic  acid.  It  is  also  soluble  in  alkalies  and  ammonia,  but  not  in  ammo- 
nium carbonate.  Cystin  is  optically  active,  and  indeed  laevorotatory. 
Morner  found  it  to  be  (a)o=  —224.3°.  On  heating  with  hydrochloric  acid 
it  can  according  to  Morner  be  changed  into  a  modification  crystallizing 
in  needles  and  with  a  weaker  laevorotatory  power,  and  indeed  it  can  be 
changed  into  a  dextrorotatory  modification.  On  boiling  cystin  with 
caustic  alkali  it  decomposes  and  yields  alkali  sulphide,  which  can  be  de- 
tected by  lead  acetate  or  sodium  nitroprusside.  According  to  Morner," 
75  per  cent  of  the  total  sulphur  is  separated.  On  treatment  of  cystin 
*ith  tin  and  hydrochloric  acid  it  develops  only  little  sulphuretted  hydro- 
gen, and  it  is  converted  into  cystein.  On  shaking  a  solution  of  cystin 
in  an  excess  of  sodium  hydrate  with  benzoyl  chloride  a  voluminous  pre- 
cipitate of  benzoyl  cystin  is  obtained  (Baumann  and  Goldmann*).  On 
heating  upon  a  platinum  foil  cystin  does  not  melt,  but  ignites  and  burns 
with  a  bluish-green  flame  with  the  generation  of  a  peculiar  sharp  odor. 
When  warmed  with  nitric  acid  it  dissolves  with  decomposition  and  leaves 
on  evaporation  a  reddish-brown  residue,  which  does  not  give  the  murexid 
test.  Cystin  is  gradually  precipitated  from  its  sulphuric  acid  solution 
hy  phosphotungstic  acid.  Cystin  forms  crystalline  salts  with  minerals  acids 
And  bases. 

In  the  detection  and  identification  of  cystin  we  make  use  of  the  crystal- 
hoe  form,  the  behavior  on  heating  on  platinum-foil  and  the  sulphur 
reaction  after  boiling  with  alkali.  As  to  its  preparation  from  protein 
substances  see  K.  Morner.6  In  regard  to  the  detection  of  cystin  in  the 
urine  see  Chapter  XV. 

1  Zeitschr.  f.  physiol.  Chem.,  88. 

1  Hofmeister's  Beit  rage,  3,  1. 

'  Morner,  Zeitschr.  f.  physiol.  Chem.,  34. 

*  Baumann  and  Goldmann,  Zeitschr:  f.  physiol.  Chem.,  152. 

1  Zeitschr.  f.  physiol.  Chem.,  34. 


CH.,.HII 
Cysiein  (<r-amino-/?-thiolactic  acid),  CjEIjNSOj-CHfNHj),  is  formed  from  cys- 

tiOOB 
tin  by  reduction  with  tin  ami  hydrochloric acid.     If  fa  also  produced  in  the  cleavage 
Of  protein  substances,  but  this  is  considered  by  Morner  as  a  secondary  formation, 
idcrs  it  primary.  the  ^-cyatein  Fhieumann  claim 

th;it  an  <>-rystcin  of  the  niercapluric  adds  (see  Chapter  XV)  « ould  also  occur  in  the 
animal  body,  hut  his  recent  researches  have  shown  that  this  is  not  warranted.1 
m  be  readily  converted  tafco  BVStlB. 
vards  alkalies  and  lead  acetate  it  art-   ttkfl  eystin.     With  sodium  nitro- 
ida  and  alkali  it  gives  a  dorp  mirplo-rad  coloration;    with  ferric  chloride  the 
solution  gives  an  indigo-blue  coloration  which  quickly  disappears. 

CH, 
Thiolactic  acid  (a-thiolactic  acid),  C^H.SO, -CI1..SH,  has  been  found  once  as  a 

COOH 
cleavage  product  of  ox-horn  by  Baumwx   and    Si  tkr.     It  has  been  shown  by 
I-'hikdmaw  that  this  acid  is  a  regular  cleavage  product  of  keratin  substances,  and 
that  it  can   also  be  obtained  from  the  proteids.     Fhankel  '  obtained  the  acid 
from  harmoglo! 


CH  NH 
Taurin  s  (aminoethylsulphonic    acid),  CjH7NSOs=       2"       '        haanot 

been  obtained  as  a  cleavage  product  of  protein  substances;  still  its  origin 
proteids  has  been  shown  by  Friedmann*  by  the  close  relationship 
that  taurin  bears  to  eystin.  Taurin  is  especially  known  as  a  cleavage 
product  of  taurocholic  acid  and  may  occur  to  a  slight  extent  in  the  intestinal 
contents.  Taurin  has  also  been  found  in  the  lungs  and  kidneys  of  oxen 
and  in  the  blood  and  muscles  of  cold-blooded  animals. 

Taurin  crystallizes  in  colorless,  often  in  large,  shining.  4-6-sided  prisms. 
It  dissolves  in  15-16  parts  of  water  at  ordinary  temperatures,  but  rather 
-ilv  in  warm  water.     It  is  insoluble  in  absolute  alcohol  and  ether; 
pints  of  wine  it  dissolves  slightly,  but  better  when  warm.     Taurin 
\  irlds  acetic  anil  sulphurous  acids,  but  no  alkali  sulphides,  on  boiling  with 
Dg  caustic  alkali.     The  content  of  sulphur  can  be  determined  as  sul- 
phuric acid  after  fusing  with  saltpeter  and  soda.    Taurin  combines  with 
dlir  oxides.     The  combination  witli  mercuric  oxide  is  white,  insoluble, 
and  is  formed  when  a  solution  of  taurin  is  boiled  with  Freshly  precipitated 
merourle  oxide  (J.  Lang  •).     This  combination  may  be  used  in  detecting 
the  presence  of  taurin.    Taurin  is  not  precipitated  by  metallic  salts. 


The  preparation  of  taurin  from  bile  is  very  simple.     The  bole  is  Wiled  a 
hours  with  hydrochloric   acid.    The  filtrai-  the  dyslysin  and 

Friedmann.  Hofmoistcr '  .3  tttd  I 

i  ur,   ZaitMibr.  f.  physiol.  Chamu,  20;    Friedmann,  Hofmeiater'a   Beitriige,  3; 
Frar,  iter,  d.  WieB.  Akad  ,  112,  II,  b.,  1903. 

1  Taurin  does  not  belong  to  the  cleavage  products  of  the  proteids,  but  for  practical 
reasons  it  will  be  described  in  connection  with  eystin. 
«See  Malv's  Jalirr-i,  :     •; 
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onoBulrated  well  cm  the  water-bath  and  filtered 

ion  .-alt  and  other  mbetanoea  which  have  separated 
ami  dissolve  th«  In  ."»  per  oenl  hydro- 

10  vols.  95  per  cent  alcohol. 
!-  are  readily  purified  talli/atiun  fruin  water.     The  alooh 

ion  ran  b  or  the  pn  glycoooll.    After  the  i 

I  the  alo  :  olved  in  water,  treated  with  a  solution 

id  hydroxide,  filtered,  the  lead  removed  byHgSand  the  filiate  strongly 
Dtrated.  ich  separate  arc  dissolved  and  decolorised 

by  animal  charcoal  and  the  solution  then  evaporated  tn  oiystaDisatioiL 
ih  taurin  sh<  tive  read  if  chiefly  identifii 

..  by  its  solubility  in  water  and  insolubility  in  alcohol 
on  with  mercuric  oxide,  by  Ha  non-preeipitabUity  by  metallic 
sdte,  and  above  all  by  its  sulphur  content. 

2.  Diamino  Acids  (bezon  bases). 
Arginin  (guanidine  -rt-aminovalerianie  acid), 


QA,NY», 


(HN)c<^VH3 


CJI(NH,) 
(VK)H 


fatt  discovered  by  Schulzf.  and  Stkkif.k  in  etiolated  lupin  and  pumpkin- 
sprouts,  has  later  been  found  in  other  germinating  plants,  tn  tubers  and 
it  has  found  arginin  in  the  ox-«pleen.  It  was 
Hkihn  as  a  cleavage  pnuluct  of  hnrn  substance,  gelatine,  and 
several  protcids,  and  then  by  BbSBSL  and  his  pupils  as  a  general  cleav- 
•J»pr  '  protein  Bubsl  mc      :ls  a  class.    The  greatest  quantity  was 

'Stained  from  the  protntnins;    but  also  the  his  tons  and  certain  plant  pio- 
i    tin   and   the   protei.l   from  pine  seeds)  j  dd     lUmdant   ar»: 
ho    occurs    among    the   products    of   tryptie    digestion    (K<> 

1  i   boiling  with  baryta-water  arginin  yields  urea  arid 

'in.     Arginin   has  l>een   prepare*!   eynt helically  fmrn   ornithin    (a-di- 

wninovalerianic  acid)  and  cyanimid  by  Schulze  and   WTiNrasnBXf.1 

Arginin  erystsJli  ettc-like  tufts.  plate.--,  or  thin  prisms,  i.s  readily 

water  and  nearly  insoluble  in  alcohol.    It  forms  crystalline  salts 

°r double  salts  with  several  acids  and  metallic  salts.     Its  acidified  watery 

precipitated  ongsticackL    The  most  important 

**  the   copper-nitrate  (C,nHl,X,l >„),.( ,u(NOa),  +  3H30  and   the  silver 

f.O,'HNO,+AgNOI  (the  most  readily  soluble)  and  CJH^Oj-AgNO, 
difficultly  soluble).    Arginin  is  dextrorotatory,  but  the 

aiginin obtains  1  by  Ki  TSCHEB  in  the  tryptie  digestion  of  fibrin  was  inac 

... >.n  ami  Steiger,  Zeitachr.  f.  pbyaiol  Chem..  11;  Gulcwitach,  ibid.,  80;   Bedin, 
*tt,  20  and  21;  Koasel  and  Kutech.  22  15,  26. 

'Ber.  d.  d.  chem.  Gesellsch.,  32,  and  Zeitachr.  f.  physiol.  Cbcin.,  34. 
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CH*(NH,) 

Ornithin   (a-diaminovaleriaiiic  acid),   CbH^NjO,-   ^tt^tt  •,,  is  not  a  primary 

COOH 
cleavage  product  of  proteids,  but  is  formed  from  arginin  on  boiling  with  baryta- 
water.  Jaffe,1  who  first  discovered  this  body,  obtained  it  as  a  cleavage  product 
from  ornithinic  acid,  which  is  found  in  the  urine  of  hens  fed  with  benzoic  acid. 
The  ornithin  which  E.  Fischer1  prepared  synthetically  yields,  as  shown  by 
Ellinger,*  putrescin  (tetramethylendiamine),  C.Ha(N£L)a,  on  putrefaction. 

Ornithin  is  a  non-crystalline  substance  which  dissolves  in  water,  giving  an 
alkaline  reaction  and  yields  several  crystalline  salts.  It  is  precipitated  by 
phosphotungstic  acid  and  several  metallic  salts,  but  not  by  silver  nitrate  and 
baryta-water  (differing  from  arginin).  Ornithin  hydrochloride  is  dextrorotatory; 
the  synthetically  prepared  is  inactive.  On  shaking  ornithin  with  benzoyl  chloride 
and  caustic  soda  it  is  converted  into  dibenzoyl  ornithin  (ornithinic  acid). 

Diaminoacetic  acid,  C.H,N,0,-CH(NH2),COOH,  was  obtained  by  Drechsel4 
as  a  cleavage  product  of  casein  by  boiling  with  tin  and  hydrochloric  acid.  It 
crystallizes  in  prisms  and  gives  a  monobenzoyl  compound  which  is  not  very  soluble 
in  cold  water  and  nearly  insoluble  in  alcohol  and  can  be  used  in  the  isolation  of 
the  acid. 

CH2(NH,) 

Lysin  (a-e-diaminocaproic  acid),  C^EIUT^203=  ^xhj  ywasfiretobtained 

COOH 
by  Drechsel  as  a  cleavage  product  of  casein.  Later  he  and  his  pupils, 
as  well  as  Kossel  and  others,  found  it  among  the  cleavage  products  of 
various  proteids.  It  has  not  been  detected  in  certain  vegetable '  pro- 
teids such  as  zein  and  gluten-proteid,  E.  Schulze  found  lysin  in  ger- 
minating plants  of  the  lupinus  litteus,  and  Winterstein  6  found  it  in  ripe 
cheese. 

Lysin  has  been  synthetically  prepared  by  E.  Fischer  and  Weigert.* 
This  lysin  was  inactive,  while  that  prepared  from  proteid  is  always  optic- 
ally active  and  dextrorotatory.  On  heating  with  barium  hydrate  it  is 
converted  into  the  inactive  modification.  According  to  Ellinger7  lysin 
yields  cadaverin  (pentamethylendiamine),  C5H10(NH2)2,  on  putrefaction. 

Lysin  is  readily  soluble  in  water  but  Is  not  crystalline.  The  aqueous 
solution  is  precipitated  by  phosphotungstic  acid  but  not  by  silver  nitrate 

1  Ber.  d.  d.  chem.  Gesellech.,  10  and  11. 

*Ibid.,  34. 

•  Zeitschr.  f.  physiol.  Chem.,  29. 

4  Ber.  d.  sachs.  Ges.  d.  Wissensch.,  44. 

•Drechsel,  Arch.  f.  (Anat.  u.)  Physiol.,  1891,  and  Ber.  d.  d.  chem.Gesellsch.,  26; Sieg- 
fried, Arch.  f.  (Anat.  u.)  Physiol.,  1891,  and  Ber.  d.  d.  chem.  Gesellsch.,  24;  Hedin, 
Zeitschr.  f.  physiol.  Chem.,  21;  Kossel,  ibid.,  25;  Kossel  and  Mathews,  ibid.,  26; 
Kossel  and  Kutscher,  ibid,  31;  Kutscher,  ibid.,  29;  Schulze,  ibid.,  28;  Winterstein,, 
cited  in  Schulze  and  Winterstein,  Ergebnisse  der  Physiologie  I,  Abt.  I,  1902. 

'  Ber.  d.  d.  chem.  Gesellsch. ,  35. 

1  Zeitschr.  f.  physiol.  Chenx,  29. 
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and  baryta-water  (differing  from  arginin  and  histidin).  It  gives  two 
hydrochlorides  with  hydrochloric  acid  and  with  platinum  chloride  a  chlo- 
roplatinate  which  is  precipitable  by  alcohol  and  has  the  composition 
C^l4N,OaSaPtClt+C^H,OH.  It  gives  two  silver  salts  with  AgNO,;  one 
has  the  formula  AgNO.+CaHuNjO,  and  the  other  AgNO, +C8HuN,0,.HNOI. 
With  benzoyl  chloride  and  alkali  lysin  forms  an  acid,  lymric  acid, 
C^uCCjHjOJjNjO,  (Drechsel),  which  is  homologous  with  ornithuric  acid 
and  whose  difficultly  soluble  acid  barium  salt  may  be  used  in  the  sepa- 
ration of  lysin.1  The  rather  insoluble  picrate,  which  is  precipitated  from 
a  not  too  dilute  solution  of  the  hydrochloride  by  sodium  picrate,  may  be 
used  in  the  detection  of  lysin. 

Lysatin  or  lytatinin.  The  formula  of  this  substance  is  either  C,H„NtO|  or 
C,HqN,0+H-0.  In  the  first  case  this  base  is  a  homologue  of  creatine,  C^H«NaO„ 
&nd  in  the  other  case  a  homologue  of  creatinine,  C4H7NaO,  and  this  is  the  reason 
why  this  body  is  called  lysatin  as  well  as  lysatinin.  It  is  still  a  question  whether 
lysatin  is  a  chemical  individual  or,  as  He  din  suggests,  only  a  mixture  of  lysin 
and  arginin.' 

Histidin,  C^N,0„  is,  according  to  the  investigations  of  S.  Frankel* 
not  a  diamino  acid,  but  more  probably  aminomethyldehydropyrimidin  car- 
bonic acid.  As  it  is  always  obtained  with  the  diamino  acids  it  is  called 
a  hexon  base,  hence  it  will  be  treated  here  with  the  diamino  acids.  Histidin 
was  first  discovered  by  Kossel  in  the  cleavage  products  of  sturin.  It 
was  then  found  by  Hedin  in  the  cleavage  products  of  proteids  by  acid 
hydrolysis  and  by  Kutscher  among  the  products  of  tryptic  digestion,  and 
finally  also  as  a  cleavage  product  of  different  protein  substances.  It  also 
occurs  in  germinating  plants  (E.  Schulze).4 

Histidin  crystallizes  in  colorless  needles  and  plates  and  is  readily  soluble 
in  water,  but  less  soluble  in  alcohol,  and  has  an  alkaline  reaction.  It 
b  precipitated  by  phosphotungstic  acid,  but  this  precipitate  is  soluble 
in  an  excess  of  the  precipitant  (Frankel).  With  silver  nitrate  alone  the 
aqueous  solution  is  not  precipitated;  on  the  careful  addition  of  ammonia 
or  baryta-water  an  amorphous  precipitate,  which  is  readily  soluble  in 
an  excess  of  ammonia,  is  obtained.  Histidin  can  be  precipitated  by  mer- 
curic chloride,  or,  still  better,  by  the  sulphate  acidified  with  sulphuric  acid, 
*nd  can  in  this  way  be  separated  from  the  diamino  acids  as  well  as  from 
the  monamino  acids  (Kossel  and  Patten).  The  hydrochloride  crystal- 
lizes in  beautiful  plates  (Bauer),  dissolves  rather  readily  in  water,  but  is 

'Drechsel,  Ber.  d.  d.  chem.  Gesellach.,  28;  see  also  C.  Willdenow,  Zeitschr.  t 
Physiol.  Chem.,  26. 

'Hedin,  Zeitschr.  f.  physiol.  Chem.,  21;  Siegfried,  ibid.,  35. 

•Sitz.-Ber.  d.  Wien.  Akad.,  112,  lib,  1903. 

'Kossel,  Zeitschr.  f.  physiol.  Chem.,  22;  Hedin,  ibid.,  Kutscher,  ibid.,  25;  Wetzel, 
"hid.,  26;  Lawrow,  ibid.,  28,  and  Ber.  d.  d.  chem.  Gesellach.,  34;  Kossel  and  Kutscher, 
Zeitschr.  f.  physioL  Chem.,  31;  Hart,  ibid.,  33;  Schulze,  ibid.,  24  and  28. 
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insoluble  in  alcohol  and  ether.  Histidin  is  laavorotatory,  while  its  solu- 
tion in  hydrochloric  acid  is  dextrorotatory.  On  warming  it  gives  the 
biuret  test  (Herzoq  *),  and  it  also  gives  Weidel's  reaction  if  performed 
as  suggested  by  Fischer  (see  Xanthine,  Chapter  V)  (Frankel). 

In  the  preparation  of  the  above  bases  we  can  first  precipitate  all  the 
bases  by  phosphotungstic  acid,  when  the  monamino  acids  remain  in  solu- 
tion. The  precipitate  is  decomposed  in  boiling  water  by  barium  hydrate 
and  the  bases  obtained  as  silver  compounds  from  this  filtrate.  In  regard 
to.  further  details  we  must  refer  to  the  cited  works  of  Drechsel  and  Hedin. 
Kossel  and  Kutscher  2  have  suggested  a  method  of  separating  histidin 
and  arginin  as  silver  compounds  from  lysin,  and  Kossel  and  Patten 
have  proposed  a  method  of  separating  histidin  from  arginin  by  means  of 
mercuric  sulphate. 

We  give  below  a  tabulation  of  the  amounts  of  the  three  hexon  bases 
found  in  certain  protein  substances  (in  weight  per  cent): 

Arginin  Lysin  Histidin 

Sturin» 58.2  12.0  12.9 

Other  protamine  *. 62.5—84.3  ■     0.0  0.0 

Histons* 14.36—15.52  7.7—8.3  1.21—2.34 

Casein* 4. 70—4.84  1.92—5.80  2.53—2.59 

Syntonin  (from  meat)  * 5.06  3.26  2.66 

Heterosyntonose  * 8.53  3.08—7.03  0.37 — 1.12 

Protosyntonoee «. 4.55  3.08  3.35 

Edestin* 11.0—14.07  1.3  1.17 

Proteid  from  conifene  seeds  •. 10.9 — 11.3  0.25—0.79  0.62 — 0.78 

Gluten  casein  • 4.4  2.15  1.16 

Gluten  proteins » 2.75—3.13  0.0  0.43—1.53 

Gelatine  *  and  '. 7.62—9.3  2.49—6.0  0.40 

Elastin' n.  0.3  +  0.027 

3.  Pyrrol  and  Indol  Derivatives. 

CH.-CH, 
I         l 
a-Pyrrolidin  carbonic  acid,  C,H9NO,=CH,  CH.COOH,  was  prepared 

NH 

by  E.  Fischer  as  a  cleavage  product  from  casein  (3.2  per  cent)  and 
ovalbumin  (1.55  per  cent)  and  by  him  and  his  collaborators  in  the  tryptic 
digestion  of  casein,  and  as  a  cleavage  product  of  haemoglobin  (1.46  per 

1  Kossel  and  Patten,  Zeitschr.  f.  physiol.  Chem.,  88;  Bauer,  ibid.,  22;  Henog, 
ibid.,  37. 

1  Zeitschr.  f.  physiol.  Chem.,  31;  Kossel  and  Patten,  L  c. 

1  Kossel  and  Kutscher,  Zeitschr.  f.  physiol   Chem.,  31. 

« Hart,  ibid.,  33. 

*  Schulze  and  Winterstein,  ibid.,  33;  see  also  Kossel,  Ber.  d.  d.  chem.  Gesellsch., 
Zi,  3236. 

'Kossel  and  Kutscher,  Zeitschr.  f.  physiol.  Chem.,  25,  and  Richards  and  Gies, 
Amer.  Journ.  of  Physiol.,  7. 
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cent),  gelatine  (5.2  per  cent),  horn  substance  (3.60  per  cent).,  and  from 
silk  fibroin.1  The  acid  thus  obtained  was  generally  the  kevorotatory 
modification. 

This  acid  is  readily  soluble  in  water  and  alcohol  and  crystallizes  in  flat 
needles  which  melt  at  203-206°  C.  with  an  odor  of  pyrrolidine.  The  solu- 
tion acidified  with  sulphuric  acid  is  precipitated  by  phosphotungstic  acid. 
In  the  detection  of  this  acid  we  make  use  of  the  copper  salt  and  the  an- 
hydride of  the  phenylisocyanate  compound.'  The  inactive  acid  and  its 
«ompounds  show  somewhat  varying  properties.  In  regard  to  the  prepa- 
ration of  this  acid  we  refer  to  p.  74.. 

In  the  hydrolysis  of  gelatine  and  casein  E.  Fischer  ■  obtained  an  amino 
acid  having  the  formula  C,H,N08,  which  on  reduction  yielded  a-pyrrolidin 
tubonic  acid,  and  which  according  to  Fischer  is  an  oxypyrrolidin-a- 
carbonic  acid. 

Skatolaminoacetic  add  (tryptophan,  proteinochromogen),  C^H^NaC),— 
C.CH, 

C^,      C.CH(NH^CXX)H,  is  one  of  the  cleavage  products  of  the  pro- 

V 
NH 

tedds  formed  in  tryptic  digestion  and  other  deep  decompositions  of  the 
proteids,  such  as  putrefaction,  cleavage  with  baryta-water  or  sulphuric 
acid,  but  not  in  peptic  digestion.  It  gives  a  reddish-violet  product  with 
chlorine  or  bromine  which  is  called  proteinochrome.  Nencki  *  considered 
tryptophan,  which  name  is  generally  given  to  this  acid,  as  the  mother- 
substance  of  various  animal  pigments. 

The  preparation  of  tryptophan  was  for  a  long  time  impossible  until 
Hopkixs  and  Cole  5  prepared  a  crystalline  substance  which  they  con- 
sidered pure  tryptophan.  This  substance,  skatokminoacetic  acid,  crystal- 
lizes in  shining  plates,  which  are  readily  soluble  in  hot  water,  less  soluble  in 
cold  water  and  in  alcohol.  On  heating  sufficiently,  it  yields  indol  and 
fikatol.  It  gives  the  Adamkiewicz-Hopkins  reaction  and  a  rose-red  colora- 
tion on  the  addition  of  bromine  water  (tryptophan  reaction).  If  a  pine 
stick  moistened  with  hydrochloric  acid  and  then  washed  off  be  introduced 
into  a  concentrated  tryptophan  solution,  it  becomes  purple-colored  on  drying 

1 E.  Fischer,  Zeitschr.  f.  physiol.  Chem.,  33  and  35;  also  Fischer  and  Abderhalden, 
>W.,  40.     See  also  foot-note  5,  page  66. 

'In  regard  to  the  preparation  of  the  phenylisocyanate  compounds  of  the  amino 
acids,  see  Paal,  Ber.  d.  d.  chem.  Gesellsch.,  27;  Mouneyrat,  ibid.,  33,  and  Hoppe- 
Seyler-Thierf elder's  Handbuch,  7.  Aufl. 

1  Ber.  d.  d.  chem.  Gesellsch.,  35  and  36. 

4  In  regard  to  trytophan,  see  Stadelmann,  Zeitschr.  f.  Biologie,  26;  Neumeister, 
Aid,  26;  Nencki,  Ber.  d.  d.  chem.  Gesellsch.,  28;  Beitler,  ibid.,  31;  Kurajeff,  Zeitschr. 
iphysioL  Chem.,  26;  Klug,  Pfluger's  Arch.,  86. 

1  Journ.  of  Physiol.,  27. 
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(pyrrol  reaction).  Tryptophan,  as  Hopkins  and  Cole  *  showed  later,  yields 
skatolacetic  acid  on  anaerobic  putrefaction,  and  akatolcarbonic  acid,  skatol, 
and  indol  on  aerobic  putrefaction. 

In  regard  to  the  somewhat  complicated  method  of  preparation  we 
must  refer  to  the  original  work  of  Hopkins  and  Cole. 

Skatosin,  0.^,^,0,,,  is  a  base  first  obtained  by  Baum  in  the  pancreas  auto- 
digestion  and  later  studied  by  Swain.  It  develops  an  indol-  or  skatol-like  odor 
on  fusing  with  potassium  hydrate.  Langstein  '  obtained  a  substance,  which  is 
perhaps  identical  with  skatosin,  in  the  very  lengthy  peptic  digestion  of  blood 
proteid. 

The  putrefactive  products  of  the  proteids  will  be  in  part  treated  in 
Chapter  IX  (intestinal  putrefaction)  and  in  part  in  Chapter  XV  (putre- 
factive products  in  the  urine). 

1  Journ.  of  Physiol.,  29;  see  also  EUinger  and  Gentzen,  Hofmeister's  Beitrage,  4. 
1  Baum,  Hofmeister's  Beitrage,  3;  Swain,  ibid.;  Langstein,  see  Hofmeister,  Ubet 
Bau  und  Gruppierung  der  Eiweisskdrper,  in  Ergebnisse  der  Physiologie,  I,  Abt.  1, 19011. 


CHAPTER  HI. 
THE  CARBOHYDRATES. 

We  designate  with  this  name  bodies  which  are  especially  abundant 
in  the  plant  kingdom.  As  the  protein  bodies  form  the  chief  portion  of 
the  solids  in  animal  tissues,  so  the  carbohydrates  form  the  chief  portion 
of  the  dry  substance  of  the  plant  structure.  They  occur  in  the  animal 
kingdom  only  in  proportionately  small  quantities  either  free  or  in  com- 
binations with  more  complex  molecules,  forming  compound  proteids. 
Carbohydrates  are  of  extraordinarily  great  importance  as  food  for  both 
man  and  animals. 

The  carbohydrates  contain  only  carbon,  hydrogen,  and  oxygen.  The 
last  two  elements  occur,  as  a  rule,  in  the  same  proportion  as  they  do  in 
water,  namely,  2:1,  and  this  is  the  reason  why  the  name  carbohydrates 
has  been  given  to  them.  This  name  is  not  quite  pertinent,  if  strictly  con- 
sidered; because  even  though  we  have  bodies,  such  as  acetic  acid  and 
lactic  acid,  which  are  not  carbohydrates  and  still  have  their  oxygen  and 
hydrogen  in  the  proportion  as  in  water,  nevertheless  we  also  have  a  sugar 
(rhamnose,  CeHl2Oj)  which  has  these  two  elements  in  another  proportion. 
Heretofore  it  was  thought  possible  to  characterize  as  carbohydrates  those 
bodies  which  contained  6  atoms  of  carbon,  or  a  multiple,  in  the  molecule, 
but  this  is  not  considered  valid  at  the  present  time.  We  have  true  carbo- 
hydrates containing  less  than  6  and  also  those  containing  7,  8,  and  9  car- 
bon atoms  in  the  molecule.  The  carbohydrates  have  no  properties  or 
characteristics  in  general  which  differentiate  them  from  other  bodies; 
on  the  contrary,  the  various  carbohydrates  are  in  many  cases  very  different 
in  their  external  properties.  Under  these  circumstances  it  is  very  difficult 
to  give  a  positive  definition  for  the  carbohydrates. 

From  a  chemical  standpoint  we  can  say  that  all  carbohydrates  are 
aldehyde  or  ketone  derivatives  of  polyhydric  alcohols.  The  simplest 
carbohydrates,  the  simple  sugars  or  monosaccharides,  are  either  aldehyde 
or  ketone  derivatives  of  such  alcohols,  and  the  more  complex  carbohydrates 
seem  to  be  derived  from  these  by  the  formation  of  anhydrides.  It  is  a 
fact  that  the  more  complex  carbohydrates  yield  two  or  even  more  molecules 
of  the  simple  sugars  when  made  to  undergo  hydrolytic  splitting. 

The  carbohydrates  are  generally  divided  into  three  chief  groups,  namely, 
^monosaccharides,  disaccharides,  and  polysaccharides. 
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Our  knowledge  of  the  carbohydrates  and  their  structural  relationships 
has  recently  been  very  much  extended  by  the  pioneering  investigations 
of  Kiliani  '  and  especially  those  of  E.  FttCBZB.' 

As  the  carbohydrates  occur  chiefly  in  the  plant  kingdom  it  is  naturally 
not  the  place  here  to  give  a  complete  discussion  of  the  numerous  carbo- 
hydrates known  up  to  the  present  time.  According  to  the  plan  of  this 
work  it  is  only  possible  to  give  a  short  review  of  those  carbohydrates  which 
occur  in  the  animal  kingdom  or  are  of  special  importance  as  food  for  man 
and  animals. 


Monosaccharides. 


All  varieties  of  sugars,  the  monosaccharides  as  well  as 


eharides, 
are  characterized  by  the  termination  "ose,"  to  which  a  root  is  added 
signifying  theii  origin  or  other  relations.  According  to  the  number  of 
carbon  atoms,  or  more  correctly  oxygen  atoms,  contained  in  the  molecule 
tin-  monosaccharides  are  divided  into  trioses,  tetroses,  pentoses,  hexoses, 
taBM]  and  so  on. 

All  monosaccharides   are  either   aldehydes  or  ketones  of  polyhydric 

alcohol*     The   f'.rst   are   termed  aldoses  and   the  other  ketoses.     Ordinary 

ee  is  an  aldose,  while  ordinary  fruit  sugar  (kevulose)  is  a  ketose.    The 

renoe  may  be  the  structural  formula  of  these  two  varieties  of 

sugar: 

Dextrose  -CH,((»H).CH(()II).CH(OH).CH(OH).CH(OH).CHO; 
I.:evuloH--CII3(Oir.i.f'H(0H).CH(0H).CH(0H).00.CH,C0H). 

A  difference  is  also  observe*]  on  oxidation.     The  aldoses  can  be 

vertcl  Into  oxyadda  having  the  same  quantity  of  carbon,  while  the  ket 

having  Ua  carbon.     On  mild  oxidation  the  aldoses  yield  D 

oxyacids   and   dibasic   acids  on  more   energetic   oxidation.    Thus 

ordinary  dextrose  yields  gluconic  acid  in  the  first  case  and  saccharic  acid  in 

the  second. 


add 
Saccharic  acid 


••lL((>H}[<-H(()II)]rCOOH; 
.COOH.[CH(Oii)],.UX)II. 


The  monobasic  ox y acids  are  of  the  greatest  importance  in  the  artificial  forma- 
tion of  the  monosaccharides.     These  acids,  as  lactones,  can  be  converted  into 


1  Ber.  d.  deutacb.  chem.  GeseUsch.,  IS,  10,  and  SO. 

•See  E.  Fischer's  lecture:   "Syntbeaen  in   der  Zuckergruppe,"  Ber.  d.  deutsch 
chem.  GeaeUecb.,  23,  211 1.     An  excellent  work  on  carbohydrates  is  Tolleu's  M  Kurzes 
Handbuch  Broslau,  2,  IS95,  aud  1.  2."  Auflage,  1808,  which  gives 

a  complete  review  of  the*  literature, 
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their  respective  aldehydes  (corresponding  to  the  sugars)  by  the  action  of  nascent 
hydrogen.  On  the  other  hand,  they  may  be  transformed  into  stereoisomerie 
acids  on  heating  with  quinoline,  pyridine,  etc.,  and  the  stereoisomerie  sugars  may 
be  obtained  from  these  by  reduction. 

Numerous  isomers  occur  among  the  monosaccharides,  and  especially  in  the 
hexoae  group.  In  certain  cases,  as  for  instance  in  glucose  and  lavulose,  we  are 
dealing  with  a  different  constitution  (aldoses  and  ketoses),  but  in  most  cases. 
we  have  stereoisomerism  due  to  the  presence  of  asymmetric  carbon  atoms. 

The  monosaccharides  are  converted  into  the  corresponding  polyhydric: 
alcohols  by  nascent  hydrogen.  Thus  arabinose,  which  is  a  pentose,. 
C|HNOt,  is  transformed  into  the  pentatomic  alcohol,  arabite,  C«HuO». 
The  three  hexoses,  dextrose,  i^evulose,  and  galactose,  C9Hu09,  are 
transformed  into  the  corresponding  three  hexites,  sorbite,  mannite,  and 
dulcite,  C|HMOe.  In  these  reductions  a  second  isomeric  alcohol  is  also- 
obtained;  in  the  reduction  of  tevulose  we  obtain  besides  mannite  also 
sorbite.  Inversely,  the  corresponding  sugars  may  be  prepared  from 
polyhydric  alcohols  by  careful  oxidation. 

Similar  to  the  ordinary  aldehydes  and  ketones  the  sugars  may  be  made  to 
take  up  hydrocyanic   acid.     Cyanhydrines  are   thus  formed.    These   addition 

Eroducte  are  of  special  interest  in  that  they  make  the  artificial  preparation  possi- 
le  of  sugars  rich  in  carbon  from  sugars  poor  in  carbon. 

As  an  example,  if  we  start  from  dextrose  we  obtain  glucocyanhydrin  on  the 
addition  of  hydrocyanic  acid : 

CH2.(OH).[CH(OH)]4.COH+  HCN  -  CH,(OH).[CH(OH)]4.CH(OH).CN. 

On  the  saponification  of  glucocyanhydrin  the  corresponding  oxyacid  is  formed: 

CHa(0H).[CH(OH)]4.CH(OH).CN+  2H«0 

-  CH3(OH)  .[CH(OH)]4.CH(OH).COOH+  NH* 

By  the  action  of  nascent  hydrogen  on  the  lactone  of  this  acid  we  obtain  gluco- 
heptose,  C,H140,. 

The  monosaccharides  give  the  corresponding  oximes  with  hydroxylamine; 
thus  glucose  yields  glucosoxime,  CH^OHUCHIOH^.CH  :  N.OH.  These  com- 
binations are  of  importance  on  account  of  the  fact,  as  found  by  Wohl,1  that 
they  are  the  starting-point  in  the  building  up  of  varieties  of  sugars,  namely,  the 
preparation  of  sugars  poor  in  carbon  from  those  rich  in  carbon. 

The  monosaccharides  are  strong  reducing  bodies,  similar  to  the  alde- 
hydes. They  reduce  metallic  silver  from  ammoniacal  silver  solutions,  and 
also  several  metallic  oxides,  such  as  copper,  bismuth,  and  mercury  oxides, 
on  warming  their  alkaline  solutions.  This  property  is  of  the  greatest 
HDportance  in  their  detection  and  quantitative  estimation. 

With  phenylhydrazine  or  substituted  phenylhydrazines  the  sugars  first 
yield  hydrazines  with  the  elimination  of  water,  and  then  on  the  further 
action  of  hydrazine  on  warming  in  an  acetic  acid  solution  we  obtain  osazones. 

1  Ber.  d.  deutsch.  chem.  Geeellsch.,  26. 


86  THE  CARBOHYDRATES. 

The  reaction  takes  place  as  follows: 

(o)  CH1(OH).[CH(OH)i.CH(OH).CHO+  H,N.NH.C,H. 

-CH^OH)^CH(OH)VCH(OH)CH  :  N.NH.CA+HaO. 


rhenylglucoehydr 


azone. 


(6)  CHa(OH)[CH(OH)],.CH(OH).CH  :  N.NH.C,H6+H2N.NH.CiHl 
-CH2COH)^CH(OH)i.C  .  CH  :  N.NH.C.H, 

N.NH.C,H,+  H,0+H1. 

Phenylglucoaaione. 

The  hydrogen  is  not  evolved,  but  acts  on  a  second  molecule  of  phenylhy- 
drazine  and  splits  it  into  aniline  and  ammonia: 

H,N.NH.C,HI+  H,  -  H1N.C,HI+ NHr 

The  osazones  are  generally  yellow  crystalline  combinations  which  differ 
from  each  other  in  melting-point,  solubility,  and  optical  properties,  and 
hence  have  received  great  importance  in  the  characterization  of  certain 
sugars.  They  have  also  become  of  extraordinaril  ■  great  interest  in 
the  study  of  the  carbohydrates  for  other  reasons.  Thus  they  are  a  very 
good  means  of  precipitating  sugars  from  solution  in  which  they  occur  mixed 
with  other  bodies,  and  they  are  of  the  greatest  importance  in  the  artificial 
preparation  of  sugars.  On  cleavage,  by  the  short  action  of  gentle  heat  and 
fuming  hydrochloric  acid  (for  disaccharides  still  better  with  benzaldehyde)  ' 
the  osazones  yield  so-called  osones,  which  on  reduction  yield  glucoses  and 
more  often  ketoses. 

We  can  also  pass  from  the  osazones  to  the  corresponding  sugars 
(ketoses)  in  other  ways,  namely,  by  direct  reduction  of  the  osazones  with 
acetic  acid  and  zinc  dust.  The  corresponding  osamine  is  first  formed 
(from  phenylglucosazone  we  obtain  isoglucosamine),  which  on  treatment 
with  nitrous  acid  yie'ds  the  sugar  (in  this  case  lasvulose). 

The  sugars  can  be  prepared  from  the  hydrazones  by  decomposition 
with  benzaldehyde  (Herzfeld)  or  with  formaldehyde  (Ruff  and  Ollen- 
dorff 2).  This  latter  method  is  especially  applicable  if  substituted  hydra- 
zines, especially  bcnzylphcnylhydrazine,  is  used. 

With  ammonia  the  glucoses  may  form  compounds  which  have  been 
considered  as  osamines  by  Lobry  de  Bruyn,  but  to  differentiate  them  from 
the  true  osamines  have  been  called  osimines  by  E.  Fischer.3  The  corre- 
sponding osaminic  acid  can  be  obtained  from  such  an  osimine  by  the  action 
of  ammonia  and  hydrocyanic  acid,  and  from  the  hydrochloric-acid  lactone 
of  this  acid  the  osamine  is  obtained  by  reduction  with  sodium  amalgam. 
In  this  manner  E.  Fischer  and  Leuchs  artificially  prepared  d-glucosa- 
mine,  which  occurs  in  the  animal  kingdom  and  is  an  isomer  of  the  above- 

1  E.  Fischer  and  Armstrong,  Ber.  d.  d.  chem.  Gesellsch.,  35. 

•  Herzfeld,  ibid.,  28;  Ruff  and  Ollendorff,  ibid.,  32. 

•  Lobry  de  Bruyn,  ibid.,  28;  E.  Fischer,  ibid.,  35. 
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mentioned  isoglucosamine,  by  starting  from  d-arabinose,  then  obtaining 
d-arabinosimine,  then  d-glucosaminic  acid,  and  finally  the  glucosamine 
from  the  lactone  of  this  acid.  They  *  also  have  prepared  1-glucosamine 
from  1-arabinose  in  a  similar  manner. 

By  the  action  of  hydrochloric  acid  upon  alcoholic  sugar  solutions  E. 
Fischer  and  his  pupils  have  obtained  ether-like  compounds  which  have 
been  called  glycosides.  Compounds  with  aromatic  groups  similar  to  the 
glucosides  occur  widely  distributed  in  the  vegetable  kingdom.  The  more 
complex  carbohydrates  may  be  considered,  according  to  Fischer,  as 
glucosides  of  the  sugars.  Thus  maltose,  for  example,  is  the  glucoside  and 
lactose  the  galactoside  of  dextrose. 

By  the  action  of  alkalies,  even  in  small  amounts,  as  also  of  alkaline  earths 
and  lead  hydroxide,  a  reciprocal  transformation  of  the  sugars,  such  as 
dextrose,  laevulose,  and  mannose,  may  take  place  (Lobry  de  Bruyn  and 
Alberda  van  Ekenstein*). 

Four  other  sugars,  among  them  two  ketoses,  are  produced  by  the  action  of 
potash  or  soda  on  each  of  the  three  sugars,  dextrose,  kevulose,  and  galactose. 
For  example,  from  dextrose  two  ketoses,  lsevulose  and  pseudoUevulose,  are  pro- 
duced, also  mannose  and  a  non-fermentable  sugar,  glutose.  From  galactose 
are  formed  talose  and  galtose,  besides  two  ketoses,  tagatose  and  pseudotagatose. 

The  transformation  of  the  different  varieties  of  sugar  into  each  other 
also  occurs  in  the  animal  body.  Neubero  and  Mayer  8  have  shown  by 
experiments  on  rabbits  the  partial  transformation  of  various  mannoses  into 
the  corresponding  glucoses. 

The  monosaccharides  are  colorless  and  odorless  bodies,  neutral  in  reac- 
tion, with  a  sweet  taste,  readily  soluble  in  water,  generally  soluble  with 
difficulty  in  absolute  alcohol,  and  insoluble  in  ether.  Some  of  them 
crystallize  well  in  the  pure  state.  They  are  optically  active,  some  laevo- 
rotatory  and  others  dextrorotatory;  but  there  are  also  optically  inactive 
modifications  (racemic),  which  are  formed  from  two  optically  opposed  com- 
ponents. 

We  designate  the  optical  activity  of  the  carbohydrates  with  the  letter  1- 
for  lavogyrate,  d-  for  dextrogyrate,  and  i-  for  inactive.  These  are  only 
partly  useful.  Thus  dextrorotatory  glucose  is  designated  d-glucose,  laevo- 
rotatory  1-glucose,  and  the  inactive  i-glucose.  Emil  Fischer  has  used  these 
signs  in  another  sense.  He  designates  by  these  signs  the  mutual  relationship 
of  the  various  kinds  of  sugars  instead  of  their  optical  activity.  For  exam- 
ple, he  does  not  designate  the  lavorotatory  laevulose  1-lffivulose,  but  d-lsevu- 
tose,  showing  its  close  relation  to  dextrorotatory  d-glucose.     This  designa- 

'Ber.  d.  d.  chem.  Geeellsch.,  36  and  35,  3787. 

'Ibid.,  28,  3078;  Bull.  soc.  chim.  de  Paris  (3),  15;  Chem.  CentralbL,  1896,  2,  and 
1807,2. 

'Zeitachr.  f.  physiol.  Chem.,  37. 
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tion  is  generally  accepted,  and  the  above-mentioned  signs  only  show  the 
optical  properties  in  a  few  cases. 

rotation  means  the  rotation  in  degrees  produced  by  1  gin.  substance 
dissolved  m  i  ■■<-.  liquid  placed  in  a  tube  1  dcm.  long.     Thi  i-  ordmarily 

20°  C.  and  with  &  homogeneous  sodium  light..     The:  otat.ion  wil 

represented   by  (<*)„,  an  I        .    pressed  by  the  following  formula: 

(a)u  -  ± — r,  in  which  a  represents  the  reading  of  degrees,  1  the  length  of  the 

tube   in   decimetres,  and  p  tbe  mi  lit.  (if  tub  ]  >■■<■■  of  tin-  l'njuid.      In- 

versely the  per  cent  P  of  substance  can  be  calculated,  when  the  specific  rotation 

is  known,  by  the  formula  P  =-      ,  in  which  *  represents  the  known  specific 

rotation. 

A  (r.shly    prepared   sugar  solution   often  .shows  another  rotation  from  that 
■    it    has  been    allowed    '"  Btand    for  some  time.      If  the  rotation  gradually 

diminishes,  this  is  called  biro  tat  ion,  while  a  gradual  increase  in   the  rotation  is 
1  half-rotation. 

Many  monosaccharides,  but  not  all,  ferment  with  yeast,  and  it  has  been 
i  that  only  those  varieties  of  sugar  containing  3,  6,  or  9  atoms  uf 
carbon  in  the  molecule  are  fermentable  with  yeast.  We  must,  state,  how- 
ever, that  the  power  of  fermentation  with  pure  yeast  has  been  shown 
only  for  the  hCBDOSe  group,  and  in  fact  all  of  the  hc.voses  do  not  ferment. 
The  restriction  of  fermentation  to  mily  certain  monosaccharides  is,  accord- 
ing to  E.  Fischer,  like  the  action  of  the  inverting  enzymes  upon  disac- 
charides  and  ghtcaaSdaB,  dependent  upon  the  stereometric  configuration  of 
the  sugars  (see  Chapter  I).  This  difference  in  configuration  is  not  only 
important  for  the  action  of  lower  living  organisms  upon  the  sugars,  but 
ftho  Upon  the  behavior  of  the  sugars  within  higher  developed  organisms. 
ThU8  the.  invest igations  of  Xki'mkiu;  and  WqHLGSMUTB  '  upon  arabinose 
and  Neuberg  and  M  yyer  3  on  inannoses  have  shown  that  in  rabbits  the 
1-arabinosc  and  the  d-mannose  an  much  better  utilized  than  d-  and  i-ara- 
binose  or  1-  and  i-mannose,  and  they  have  also  shown  that  the  lower  organ- 
is  have  the  tendency  of  decomposing  inactive  substances  into  ti 
optically  active  components  to  a  much  higher  degree  than  the 
organisms. 

By  the  action  of  lower  organisms  of  various  kinds  the  wgpn  may  b 

made  to  undergo  fermentations  uf  different  kini\  Buoh  is  lactic  acid  an 
butyric  acid  fenuentation  and  ffiUOifegSllOUfl  h-r  mentation. 

simple  vara  Ug8E  occur  in  part  in  nature  as  such,  already 

formed,  which  is  the  case  with  both  of  the  very  important  sugars,  dextrose 
and   hevulose.     They  also  occur  in  great  abundance  in  nature  as   more 
complex  carbohydrates  (di-  and  polysaccharides);   also  as  ester-like  oo 
binations  with  different  substances,  as  so-called  glucosides. 

1  ZciUchr.  f.  physiol.  Chem.,  35. 
'Ibid..  37. 
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Among  the  groups  of  monosaccharides  known  at  the  present  time,  those 
containing  less  than  five  and  more  than  six  carbon  atoms  in  the  molecule 
have  no  great  importance  in  biochemistry,  although  they  are  of  high  scien- 
tific interest.  Of  the  other  two  groups  the  hexoses  are  of  the  greatest 
importance,  because  in  the  past  only  those  carbohydrates  with  six  carbon 
atoms  were  considered  as  true  carbohydrates.  As  the  pentoses  have  been 
the  subject  of  considerable  biochemical  investigations  of  late,  they  will 
also  be  given  in  short. 

•  Pentoses  (C,HwO,). 

As  a  rule  the  pentoses  do  not  occur  as  such  in  nature,  but  are  formed  in 
thehydrolytic  splitting  of  several  more  complex  carbohydrates,  the  so-called 
pentosanes,  especially  on  boiling  gums  with  dilute  mineral  acids.  The 
pentosanes  exist  very  widely  distributed  in  the  plant  kingdom  and  are 
especially  of  great  importance  in  the  building  up  of  certain  plant  con- 
stituents. The  pentoses  were  first  found  by  Salkowski  and  Jastrowitz 
in  the  animal  kingdom  in  the  urine  of  a  person  addicted  to  the  morphine 
habit,  and  later  by  Salkowski  and  others  in  normal  human  urine.  Small 
quantities  of  pentoses  have  been  detected  by  Kulz  and  Vogel  *  in  the 
urine  of  diabetics,  as  also  in  dogs  with  pancreas  diabetes  or  phlorhizin 
diabetes.  Pentose  has  also  been  found  by  Hammarsten  amongst  the 
cleavage  products  of  a  nucleoproteid  obtained  from  the  pancreas,  and 
seems  also,  according  to  the  observations  of  Blumenthal,  to  be  a  constit- 
uent of  nucleoproteids  of  various  organs  such  as  the  thymus,  thyroid, 
brain,  spleen,  and  liver.  In  regard  to  the  quantity  of  pentoses  found  in 
the  various  organs  we  must  refer  to  the  works  of  Grund  and  of  Bendix 
and  Ebstein.' 

The  pentosanes  (Stone,  Slowtzoff)  as  well  as  the  pentoses  are  of  the 
greatest  importance  as  foods  for  herbivorous  animals.  In  regard  to  the 
value  of  the  pentoses,  the  researches  of  Salkowski,  Cremer,  Neuberq 
and  Wohlgemuth  *  upon  rabbits  and  hens  show  that  these  animals  can 
utilize  the  pentoses  and  indeed  can  use  them  as  glycogen  formers,  and  at 
the  same  time  they  showed  the  extent  to  which  the  pentoses  act  as  true 

'Salkowski  and  Jastrowitz,  Centralbl.  f.  d.  med.  Wissenach.,  1892,  337  and  693; 
Salkowski,  Berl.  klin.  Wochenschr.,  1895;  Bial,  Zeitschr.  f.  klin.  Med.,  39;  Bial  and 
Blumenthal,  Deutsch.  med.  Wochenschr.,  1901,  No.  2;  Kulz  and  Vogel,  Zeitschr.  f. 
Rologie,  32. 

'Hammarsten,  Zeitschr.  f.  physiol.  Chem.,  19;  also  Salkowski,  Berl.  klin.  Wochen- 
*hr.,  1895;  Blumenthal,  Zeitschr.  f.  klin.  Med.,  34;  Grand,  Zeitschr.  f.  physiol.  Chem., 
K;  Bendix  and  Ebstein,  Zeitschr.  f.  allgemein.  Physiol.,  2. 

'Stone,  Amer.  Chem.  Journ.,  14;  Slowtzoff,  Zeitschr.  f.  physiol.  Chem.,  34;  Sal- 
kowski, L  c,  Centralbl.;  Cremer,  Zeitschr.  f.  Biologie,  29  and  42;  Neuberg  and  Wohl- 
gemuth, 1.  c. 
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or  only  indirect  producers  of  glycogen  (see  Chapter  VIII).  The  pentoses 
seem  to  be  absorbed  by  human  beings  and  in  part  utilized,  but  they  pass 
in  part  into  the  urine  even  when  small  quantities  are  taken.* 

The  natural  pentoses  are  reducing  aldoses  and  as  a  rule  do  not  belong 
to  the  sugars  fermentable  with  yeast.  Still,  the  observations  of  Salkowski 
Bendix,  Schone  and  Tollens  seem  to  indicate  that  the  pentoses  an 
fermentable.3  They  are  readily  decomposed  by  putrefaction  bacteria. 
On  heating  with  hydrochloric  acid  they  yield  furfurol,  but  no  levulinic 
acid.  The  furfurol  passing  over  on  distilling  with  hydrochloric  acid  car 
be  detected  by  the  aid  of  aniline-acetate  paper,  which  is  colored  beauti- 
fully red  by  furfurol.  In  the  quantitative  estimation  we  can  use  the  method 
suggested  by  Tollens,  which  consists  of  converting  the  furfurol  in  th< 
distillate  into  phloroglucide  by  means  of  phloroglucin  and  weighing  (sec 
Tollens  and  Krober,  Grund,  Bendix  and  Ebstein).*  The  two  follow- 
ing pentose  reactions,  as  suggested  by  Tollens,  are  especially  applicable: 

The  orcin-hydrochloric  acid  test.  Mix  with  the  solution  or  the 
substance  introduced  into  water  an  equal  volume  of  concentrated  hydro- 
chloric acid,  add  some  orcin  in  substance,  and  heat.  In  the  presence 
of  pentoses  the  solution  becomes  reddish  blue,  then  bluish  green,  and  on 
spectroscopic  examination  an  absorption-band  is  observed  between  C  and 
D.  If  it  is  cooled  partly  and  shaken  with  amyl  alcohol  a  bluish-green 
solution  which  shows  the  same  band  is  obtained. 

The  phloroglucin-hydrochloric  acid  test.  This  test  is  performed  in 
the  same  manner  as  the  above,  using  phloroglucin  instead  of  orcin.  The 
solution  becomes  cherry-red  on  heating  and  then  becomes  cloudy  and  hence 
a  shaking  out  with  amyl  alcohol  is  very  necessary.  The  red  amyl  alcohol 
solution  shows  an  absorption  band  between  D  and  E.  The  orcin  test  is 
better  for  several  reasons  than-  the  phloroglucin  test  (Salkowski  and 
Neubero4).  In  regard  to  the  use  of  these  tests  in  urine  examination  see 
Chapter  XV. 

Arabinoses.  The  pentose  isolated  by  Neuberq  5  from  human  urine 
s  i-arabinose.  It  can  be  isolated  from  the  urine  as  diphenylhydrazone. 
from  which  the  arabinose  can  be  separated  by  splitting  with  formaldehyde. 
The  i-arabinose  is  crystalline,  has  a  sweetish  taste,  is  optically  inactive 
and   melts   at   163-164°  C.     Its   diphenylhydrazone  melts   at  206°  C,   is 

1  See  Ebstein,  Virchow's  Arch.,  129;  Tollens,  Ber.  d.  deutech.  chem.  Gesellsch.,  29, 
1208;  Cremer,  1.  c. ;  Lindemann  and  May,  Deutsch.  Arch.  f.  klin.  Med.,  56;  Sal- 
kowski, Zeitschr.  f.  physiol.  Chem.,  30. 

'Salkowski,  Zeitschr.  f.  physiol.  Chem.,  30;  Bendix,  see  Chem.  CentralbL,  1900,  1 
Schone  and  Tollens,  ibid.,  1901,  1. 

'Bendix  and  Ebstein,  1.  c,  which  contains  the  literature. 

'Salkowski,  Zeitschr.  f.  physiol.  Chem.,  27;  Neuberg,  ibid.,  81. 

•Ber.  d.  d.  chem.  Gesellsch..  33. 
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insoluble  in  cold  water  and  alcohol,  but  readily  soluble  in  pyridine.  The 
csazone  melts  at  166-168°  C. 

The  dextrorotatory  1-arabinose  is  obtained  by  boiling  gum  arabic  or 
cherry  gum  with  dilute  sulphuric  acid.  The  d-arabinose  is  prepared  synthet- 
ically. Both  of  these  arabinoses  give  diphenylhydrazones  which  melt 
at  216-218°  C. 

Xyloses.  The  only  pentose  thus  far  isolated  from  the  animal  tissues  is 
kylose,  obtained  by  Neuberq  *  from  the  pancreas  proteids,  and  is  identi- 
cal with  the  xylose  found  widely  distributed  in  the  plant  kingdom  and 
obtained  from  wood-gum  by  boiling  with  dilute  acids.  Xylose  is  crystalline, 
melts  at  153-154°  C,  dissolves  very  readily  in  water  but  with  difficulty  in 
alcohol,  is  faintly  dextrorotatory,  {a)i>=*  + 18.1°,  and  gives  a  phenylosazone 
which  melts  at  159-160°  C. 

Hexoses  (CeHuO,). 

The  most  important  and  best-known  simple  sugars  belong  to  this  group, 
and  the  other  bodies  which  have  been  considered  as  carbohydrates  in  the 
past  (with  the  exception  of  arabinose  and  inosite)  are  anhydrides  of  this 
group.  Certain  hexoses,  such  as  dextrose  and  laevulose,  either  occur  in 
nature  already  formed  or  are  produced  by  the  hydrolytic  splitting  of  other 
more  complicated  carbohydrates  or  glucosides.  Others,  such  as  mannose 
or  galactose,  are  formed  by  the  hydrolytic  cleavage  of  other  natural 
products;  while  some,  on  the  contrary,  such  as  gulose,  talose,  and  others, 
are  obtained  only  by  artificial  means. 

All  hexoses,  as  also  their  anhydrides,  yield  laevulinic  acid,  C6HgO„ 
besides  formic  acid  and  humus  substances  on  boiling  with  dilute  mineral 
acids.  Some  of  the  hexoses  are  fermentable  with  yeast,  while  the  artificially 
prepared  hexoses  are  not,  or  at  least  only  incompletely  and  with  great 
difficulty. 

Some  hexoses  are  aldoses,  while  others  are  ketoses.  Belonging  to  the 
first  group  we  have  mannose,  dextrose,  gtjlose,  galactose,  and  talose, 
wd  to  the  other  LuEvulose,  and  possibly  also  sorbinose.  We  differen- 
tiate also  between  the  d,  1,  and  i  modifications;  for  instance,  d-,  1-,  and 
•■dextrose;  hence  the  number  of  isomers  is  very  great. 

The  most  important  syntheses  of  the  carbohydrates  have  been  made  by 
E.  Fischer  and  his  pupils  chiefly  within  the  members  of  the  hexose  group. 
A  short  summary  of  the  syntheses  of  hexoses  is  given  below. 

The  first  artificial  preparation  of  a  sugar  was  made  by  Butlerow.  On 
treating  trioxymethylene,  a  polymer  of  formaldehyde,  with  lime-water  he  ob- 
tained a  faintly  sweetish  sirup   called  methylenitan.     Loew*  later  obtained  a 

1  Ber.  d.  d.  chem.  Geselbch.,  35. 

'Butlerow,  Ann.  d.  Chem.  u.  Pharm.,  120;  Compt.  rend.,  53;  O.  Loew,  Journ.  f. 
P»kt.  Chem.  (N.  F.),  83,  and  Ber.  d.  deutsch.  chem.  Gesellsch.,  20,  21,  22. 
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mixture  of  srvpr.il  sugars,  from  which  he  isolated  a  fermentable  sugar,  called 
■MtihOMj  by  prmdnfUtttmn  of  formaldehyde  in  the  presence  of  bases.    The  most 
ill  comprehensive  syntheses  of  sugar  have  been  preformed  by  E. 
FUGS 

The  starting-point  of  these  syntheses  is  a-acrosc,  which  occurs  as  a  condensa- 
tion product  of  formal* L  ;  1  lie  mime  o-.u-rose  lias  been  given  to  this  bodyj 
i  is  obtained  from  acrolein  bromide  by  the  aatian  of  bases  (I'l.-wm  v.;. 
It  is  also  obtained  admixed  with  0  m  OD  the  oxidation  of  glycerine  with 
bromine  in  the  presence  of  sodium  carbonate  and  treating  the  resulting  mixture 
with  alkali.  On  the  oxidation  with  bromine  a  mixtUD  brine  aldehyde, 
CHjOH.riliOlIi.rm),  and  din  M  <ih  luiu,  is  obtained. 
Thtwc  two  iMxlir-i  limy  be  considered  as  true  sugar-glyecroses  or  triosca.  It 
seems  as  if  a  condensation  to  hexoses  takes  place  on  treatment  with  alkali 

a-acrose  may  be  isolated  from  the  above  mixture  and  obtained  pure  by  first 
converting  it  into  itsosazone  and  them  retransforming  this  in t .  ■  i  |I(-  sugar,  rt-ucroee 
is  identical  with  l-tevulose.  With  yeasl  one  ball,  the  hevogyruie  d-hevulose, 
ferments  while  the  dextrogyrate  1-kevulose  remains.  The  i-  and*  1-hrvukne 
may  be  prejiared  in  this  way. 

On  the  reduction  of  rr-acrose  wo  oht  iit>,  which  IS  i  d  with  i-mao- 

nite.  Oil  oxidation  of  i-mannite  we  obtain  i-inaiuiose,  from  which  on]y  1-mannose 
remains  on  fermentation.  On  further  oxidation  of  i-mannose  it  yields  i-tnannonic 
acid.     The  two  active  mannonic  acids  may  be  separated   I  b   ether  by 

the  fractional  orjetaUuetion  of  their  Btrycnnine  or  morphine  salts.    TTW 
corresponding  mann<).-.i'.s  may  be  obtained  '■ruin  these  fcwo  arid*,  d- and  1-mannonic 
acids,  by  reduction. 

d-hevulose  is  obtained  from  d-rnannose  by  the  method  given  on  page  So,  using 
■  isazone  as  an  intermediate  <\<  p.    The  d-  and  (-mannonic  acids  an*  i 
i  ted  Into  d-  and  1-elnronic  arid  on  heating  with  (juitiolirke.  and  d-  or  1-f 
H  obtained  on   the  reduction  of  these  acids;     l-glurosc  is  besl  from 

1-arahhiuse  by  means  of  the  < •yanliydrin  reaction,  mdng  1-pluconic  add  as  the 
intern  lep      ' I  In    Bombination  of  1-  and  d-glueonie  acid,  forming 

•  add,  yields  i-glucose  on  reduction. 

The  artificial    preparatioo  of  sugan  by  means  of  the  condensation  offorraolde» 
bai  received  ipecial  interesl  because,  Eing  to  BAxran's  assimilation 

hypothesis  of  plants,  formaldehyde  •  the  reduction  of  carbon 

dioxide,  and  the  sugars  are  produced  by  the  condensation  of  this  formald- 

»BOT  :  has  shown,  i.y  special  experiments  on  algfD  ISpirogyra,  thai    fonnidde- 
hyde  sodium  lulphite  was  split  by  the  fivin     idea-   cells.     Tl  lehvde  set 

free  is  immediately  condensed  to  carbohydrate  and  precipitated  as  starch. 

Among  the  hexoses  known  at  the  present  time  only  dextrose,  ljp'vulose, 
and  galactose  are  really  of  physiological-chemical  interest;  therefore  the 
other  hexoses  will  only  be  incidentally  mentioned. 

Dextrose  (d-glucose) — glucose,  grape-sugar,  and  diabetic  sugar — 
n  abundantly  in  the  grape,  and  also,  often  accompanied  with  lmvulose 
(d-fruetose),  in  honey,  sweet  fruits,  seeds,  roots,  etc.  It  occurs  in  the 
human  and  animal  intestinal  tract  during  digestion,  also  in  small  quantities 
in  the  blood  and  lymph,  and  as  traces  in  other  animal  fluids  and  tissues. 
It  only  occurs  as  traces  in  urine  under  normal  conditions,  while  in  diabetes 
the  quantity  is  very  large.    It  is  formed  in  the  hydrolytic  cleavage  of 


1  Bee.  d.  dcutsch.  chem.  Gcaellseh.,  21,  and  1.  c,  page  83- 
»  Diolog.  CentralbL,  12,  321  and  481. 
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starch,  dextrin,  and  other  compound  carbohydrates,  as  also  in  the  splitting 
of  ghicosides.  That  dextrose  can  be  formed  from  proteids  in  the  animal 
body  follows  from  several  observations  and  especially  by  the  experience 
in  severe  forms  of  diabetes. 

Properties  of  Dextrose.  Dextrose  crystallises  sometimes  with  1  molecule 
of  water  of  crystallization  in  warty  masses  or  small  leaves  or  plates,  and 
sometimes  when  free  from  water  in  needles  or  prisms.  The  sugar  contain- 
ing water  of  crystallization  melts  even  below  100°  C.  and  loses  its  water 
of  crystallization  at  110°  C.  The  anhydrous  sugar  melts  at  146°  C,  and 
is  converted  into  glucosan,  C0II10O5,  at  170°  C.  with  the  elimination  of 
water.  On  strongly  heating  it  is  converted  into  caramel  and  then  de- 
composes. 

Dextrose  is  readily  soluble  in  water.  This  solution,  which  is  not  as 
sweet  as  a  cane-sugar  solution  of  the  same  strength,  is  dextrogyrate  and 
shows  strong  birotation.  The  specific  rotation  is  dependent  upon  the 
concentration  of  the  solution,  as  it  increases  with  an  increase  in  the  con- 
centration. A  10  per  cent  solution  of  anhydrous  glucose  can  be  taken  as 
52.74°  at  20°  C.1  Dextrose  dissolves  sparingly  in  cold,  but  more  freely 
in  boiling  alcohol.  100  parts  alcohol  of  sp.  gr.  0.837  dissolves  1.95  parts 
anhydrous  dextrose  at  17.5°  C.  and  27.7  parts  at  the  boiling  temperature 
(Ambon  *).    Dextrose  is  insoluble  in  ether. 

If  an  alcoholic  caustic-potash  solution  is  added  to  an  alcoholic  solution  of 
dextrose,  an  amorphous  precipitate  of  insoluble  sugar-potash  compound 
is  formed.  On  warming  this  compound  it  decomposes  easily  with  the 
formation  of  a  yellow  or  brownish  color,  which  is  the  basis  of  Moore's 
test.    Dextrose  forms  also  compounds  with  lime  and  baryta. 

Moore  *s  Test.  If  a  dextrose  solution  is  treated  with  about  one  quarter 
of  its  volume  of  caustic  potash  or  soda  and  warmed,  the  solution  becomes 
first  yellow,  then  orange,  yellowish  brown,  and  lastly  dark  brown.  It  has 
at  the  same  time  a  faint  odor  of  caramel,  and  this  odor  is  more  pro- 
flounced  on  acidification." 

Dextrose  forms  several  crystallizable  combinations  with  NaCl,  of  which 
the  easiest  to  obtain  is  (C6HuO,)2.NaCl-|-H30,  which  forms  large  colorless 
six-sided  double  pyramids  or  rhomboids  with  13.52  per  cent  NaCl. 

Dextrose  in  neutral  or  very  faintly  acid  (organic  acid)  solution  passes 
into  alcoholic  fermentation  with  beer-yeast,  CeHuO,=2C,H6.OH+2COa. 
Besides  the  alcohol  and  carbon  dioxide  there  are  formed,  especially  at 
higher  temperatures,  small    quantities    of    homologous   alcohols   (amyl- 


1  For  further  information  see  Tollens,  Handbuch  der  Kohlenhydrate.,  2.  Aufl.,  44. 
'Cited  from  Tollens'  Handbuch. 

'  In  regard  to  the  products  formed  in  this  reaction,  see  Framm,  Pfliiger's  Arch.,  64, 
and  especially  Gaud,  Compt.  rend.,  119. 
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alcohol),  glycerine,  and  succinic  acid.  In  the  presence  of  acid  milk  or 
eheeM  the  dextrose  passes,  especially  in  the  presence  of  a  base  such  as 
ZnO  or  Cud),,  into  lactic-arid  fermentation.  The  lactic  acid  may  then 
father  pass  into  butyric-acid  fermentation:  2CsH,0,=-CtH,0,+2CO,+4H. 

1  lextrcee  reduces  several  metallic  oxides,  such  as  copper  oxide,  bismuth 
tudde,  mercuric  oxide  Kb  alkaline  solutions,  and  the  most  important 
reactions  for  Bttgaf  are  blfflid  00  this  fact. 

Tkommer's  test  is  based  on  the  property  that  dextrose  possesses  of  re- 
ducing cupric  hydrate  in  alkaline  solution  into  cuprous  oxide.  Treat  the 
dextrose  solution  with  about  4^4  v°l-  caustic  soda  and  then  carefully  add 
a  dilute  eonjwr-sulphate  solution.  The  cupric  hydrate  is  thereby  dis- 
solved, forming  a  beautiful  blue  solution,  and  the  addition  of  copper  sul- 
phate is  continued  until  a  very  small  amount  of  hydrate  remains  m 
sol ve<l  in  the  liquid.  This  is  now  warmed  and  a  yellow  hydratcd  suboxide 
or  red  suboxide  separates  even  below  the  boiling-point.  If  too  little  copper 
salt  has  been  added,  the  test  will  be  yellowish  brown  in  color,  as  in  IfbOBS'f 
test;  but  if  an  excess  of  copper  salt  has  been  added,  the  excess  of  hydrate  is 
converted  on  boiling  into  a  dark-brown  hydrate  which  interferes  with  the 
test.  To  prevent  these  difficulties  the  so-called  Fehling's  solution  may 
be  employed.  This  reagent  is  obtained  by  mixing  before  use  equal 
volumes  of  nn  alkaline  solution  of  Rochelle  salt  and  a  copper-sulphate  solu- 
K-'uii:ition  of  Sugar  in  tin-  Orine  In  regard  to  con- 
centration). This  solution  it  not  radnoad  or  noticeably  changed  by  imiling. 
tartrate  bold*  the  excess  of  cupric  hydrate  in  solution,  and  an  excess 
of  the  reagent  does  not  interfere  in  the  performance  of  the  teat.  En  the 
pres<  UgftT  this  sol  educed. 

I  'i  lest  is  based  on  the  property  dextrose  possesses  of 
reducing  bismuth  oxide  in  alkaline  solution.  The  reagent  best  adapU 
this  purpose  is  obtained,  according  to  Xvlamu.u's  •  modifitatio 
Auukn  's  original  test,  by  dissolving  4  grms.  Rochelle  salt  in  100  parts  10  per 
cent  caustic-soda  solution  and  adding  2  grms.  bismuth  subnitratc  and 
digesting  on  the  water-bath  until  as  much  of  the  bismuth  salt  is  dissolved 
as  possible.  If  a  dextrose  solution  Is  treated  with  about  fa  vol..  or  with  a 
larger  quantity  of  the  soln;  n  large  quantities  of  sugar  are  present, 

and  boiled  fur  a  few  minutes,  the  solution  becomes  first  yellow,  then 

and  finally  nearly  black,  and  after  a  time  a  black  deposit 
muth  (?)  settles. 
The  property  of  dextrose  of  reducing  an  alkaline  solution  of  mercury  on 
boiling  is  the  basis  of  Knapp'b  reaction  with  alkaline  mercuric  cyanide  and 

-sthsse's     reaction    with    an     alkaline    potassium-mercuric    iodide 
on. 
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On  heating  with  phenylhy drazine  acetate  a  dextrose  solution  gives  a 
precipitate  consisting  of  fine  yellow  crystalline  needles  which  are  nearly 
insoluble  in  water  but  soluble  in  boiling  alcohol,  and  which  separate  again 
on  treating  the  alcoholic  solution  with  water.  The  crystalline  precipitate 
consists  of  phenylglucosazone  (see  page  84).  This  compound  melts  when 
pure  at  204-205°  C,  dissolves  readily  in  pyridine  (0.25  grm.  in  1  grm.), 
and  precipitates  again  from  this  solution  as  crystals  on  the  addition  of 
benzene,  ligroin,  or  ether.  According  to  Neuberq  l  this  behavior  can  be 
used  in  the  purification  of  the  osazone.  With  bromphenylhydrazine  a 
phenylhydrazone  can  be  obtained  which  is  not  readily  soluble  in  water 
or  alcohol,  and  from  this  the  dextrose  can  be  split  off  by  formaldehyde. 

Dextrose  is  not  precipitated  by  a  lead-acetate  solution,  but  is  almost 
completely  precipitated  by  a  solution  of  ammoniacal  basic  lead-acetate. 
On  warming  the  precipitate  becomes  flesh-color  or  rose-red  (Rubner's 
reaction'). 

If  a  watery  solution  of  dextrose  is  treated  with  benzoylchloride  and 
an  excess  of  caustic  soda,  and  shaken  until  the  odor  of  benzoylchloride 
has  disappeared,  a  precipitate  of  benzoic-acid  ester  of  dextrose  will  be  pro- 
duced which  is  insoluble  in  water  or  alkali  (Baumann  8). 

If  $-1  c.  c.  of  a  dilute  watery  solution  of  dextrose  is  treated  with  a  few 
drops  of  a  10  per  cent  alcoholic  solution  (free  from  acetone)  of  a-naphthol, 
the  liquid  is  colored  a  beautiful  violet  on  the  addition  of  1-2  c.  c.  of  concen- 
trated sulphuric  acid  (Molisch  *).  This  reaction  depends  on  the  formation 
of  furfurol  from  the  sugar  by  the  action  of  the  sulphuric  acid. 

Diazobenzene-sulphonic  acid  gives  with  a  dextrose  solution  made  alkaline 
with  a  fixed  alkali  a  red  color,  after  10-15  minutes  gradually  changing  to  violet. 
Orthonitrophenyl-propiolic  acid  yields  indigo  when  boiled  with  a  small 
quantity  of  dextrose  and  sodium  carbonate,  and  this  is  converted  into  indigo-white 
hy  an  excess  of  sugar.  An  alkaline  solution  of  dextrose  is  colored  deep  red  on 
being  warmed  with  a  dilute  solution  of  picric  acid. 

A  more  complete  description  as  to  the  performance  of  these  several  tests 
will  be  given  in  detail  in  a  subsequent  chapter  (on  the  urine). 

Dextrose  is  prepared  pure  by  inverting  cane-sugar  by  the  following 
simple  method  of  Soxhlet  and  Tollens,  being  a  modification  of 
ScHWARz'88  method: 

Treat  12  litres  90  per  cent  alcohol  with  480  c.  c.  fuming  hydrochloric 
acid  and  warm  to  45-50°  C. ;  gradually  add  4  kilos  of  powdered  cane-sugar, 
*&d  allow  to  cool  after  2  hours,  when  all  the  sugar  will  have  dissolved  and 

1  Ber.  d.  d.  chem.  Gesellsch.,  32,  3384. 
1  Zeitschr.  f.  Biologie,  20. 

*Ber.  d.  deutsch.  chem.  Gesellsch.,  19;  also  Kueny,  Zeitschr.  f.  physiol.  Chem.,  14, 
and  Skraup,  Wien.  Sits.  Ber.,  98  (1888). 

4 Monatshefte  f.  Chem.,  7,  and  Centralbl.  f.  d.  med.  Wissensch.,  1887, 34  and  49. 
'Tollens'  Handbuch  der  Kohlen hydrate,  2.  Aufl.,  39. 
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been  inverted.    To  incite  crystallization,  some  crystals  of  anhydrous  dp? 
trose  are  added,  and  after  several  days  the  crystals  arc  sucked  dry 
the  air-pump,  washed  with  dilute  alcohol  to  remove  hydrochloric  acid,  and 
crystallized  from  alcohol  or  methyl  alcohol.     According  to  XOUJUU  it  L- 
l>ost  the  sugar  in  one  I  weight  of  water  on  the  water- 

hath  and  then  add  double  this  volume  of  90-9")  per  rent  flloo 

In  detecting  dextrose  in  animal  fluids  or  extracts  of  tissues  we  may 
use  of  the  above-mentioned  reduction  tests,  the  optical  determination, 

fermentation,  and  phenylhydrazine  tests.  For  the  quantitative  estima- 
tion the  reader  is  n-ferr. ■!  to  BIB  After  00  urine.  Those  liquids  contain- 
rnh'ids  must  first  have  thopg  removed  by  coagulation  with  heat  and 
addition  of  acetic  acid,  or  by  precipitation  with  alcohol  or  metallic  salts 
before  testing  for  dextrose.  In  regard  to  the  difficulties  of  operating  with 
I  and  sen -us  fluids  we  refer  the  student  to  the  works  of  Scbexck, 
Kuiima.n.v,  Adeli:s,  and  BlBMBH.1 

The  guloses  are  stereoisomers  of  dextrose  and  may  be  prepared  artificially, 
d-pulose  is  obtained  on  the  reduction  of  d-gulonic  acid,  which  is  derived  on  the 
reduction  of  glucuronic  acid. 

Mannosps. — tf-maimOMj      In       died    seminorm,   is   obtained   with   d-lavulose 
on  the  careful  oxidation  of  d-tri'.'n  ii  •     it  is  also  obtained  on  the  hydrolyna 
of   natural   carbohydrates,  such  as  salep  slime  and  reserve  cellulose  (especially 
from  the  sliavin;:*  Ironi  toe  ivory-nut).       It  is  dextrorotator. 
with  I  hydrazonc  not  readily  soluble  in  water,  and  an  osazone 

which  is  identical  with  thai  from  d-glucosc. 

Laevulose,  also  called  (HTAUUflJai),  fruit-sugar,  occurs,  as  above  stat 
mixed  With  dextrti  ively  distributed  in  the.  vegetable  kmgoV  in  and 

i  It  is  formed  in  the  hydrolytic  cleavage  of  cane-sugar  and  several 

ivdrates,  but  it  is  readily  obtained  by  the  c  splitting 

of  inulin.  In  extraordinary  cases  of  diabetes  m&HitaB  we  find  laevulose  in 
the  urine.  Neuberg  and  Strauss  a  have  detected  laevulose  in  human  blood- 
serum  and  exudates  in  certain  cases  with  positiveness. 

Livulosc  crystallizes  with  difficulty  in  needles  partly  anhydrous  and 
partly  containing  water.  It  is  readily  soluble  in  water,  but  nearly  insoluble 
in  cold  absolute  alcohol,  though  rather  readily  in  boiling  alcohol.  Its 
watery  solution  i .  hevogyrate.  laevulose  ferments  with  yeast,  and  gives 
the  same  reduction  tests  as  dextrose,  and  also  the  same  o  It  gives  a 

combination  with  lime  which  is  less  soluble, than  the  corresponding  dextrose 
combination.     LfBVulcee  H  not  precipitated  by  sugar  of  lead  or  basic  It 
acetate. 

Lawulose  does  not  reduce  copper  to  the  same  extent  as  dextrose. 
Under  similar  conditions  the  reduction  relationship  of  dextrose  to  larvulos 
is    Kid    92.08. 

In  detecting  lsevulose  and  those  varieties  of  sugar  which  yield  laevulose 

1  Schcnck,  Pfluger's  Arch.,  46  and  47;  Rohmann,  Centralbl.  f.  Physiol.,  4;  Abelet, 
Zeitschr.  f.  pbysiol.  Chem.,  15;  Seegen,  Centralbl.  f.  Physiol.,  4. 

1  Zeitschr.  f.  physiol.  Chem.,  36,  which  also  contains  tho  older  literature 
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on  cleavage  we  make  use  of  the  following  reaction  suggested  by  Seli- 
wanoff.  To  a  few  cubic  centimeters  of  fuming  hydrochloric  acid  and 
an  equal  volume  of  water  add  a  small  quantity  of  the  sugar  solution  or 
of  the  solid  substance  and  a  few  crystals  of  resorcin  and  apply  heat.  The 
liquid  becomes  a  beautiful  red  and  gradually  a  substance  precipitates 
which  is  red  in  color  and  soluble  in  alcohol.  This  reaction,  which  accord- 
ing to  Rosin  may  be  made  more  delicate,  is,  as  Neuberg  *  has  shown, 
a  general  reaction  for  ketoses. 

According  to  Neuberg  *  methylphenylhydrazine  is  an  excellent  sub- 
stance to  use  for  the  separation  and  detection  of  laovulose,  as  it  gives 
a  characteristic  laevulose-methylphenylosazone.  This  osazone  when  re- 
crystallized  from  alcohol  melts  at  153°.  It  shows  a  dextrorotation  of 
1°  40*  when  0.2  grm.  of  the  osazone  are  dissolved  in  4  c.  c.  pyridine  and 
6  c.  c.  absolute  alcohol. 

Methylphenylhydrazine  is  a  very  excellent  means  for  separating  the 
aldoses  and  amino  sugar  from  the  ketoses.  The  aldoses  and  the  amino 
sugar  in  neutral  liquids  give  hydrazones  therewith,  and  after  the  removal 
of  these  the  osazones  of  the  ketoses  can  be  obtained  from  the  filtrate 
by  acidifying  with  acetic  acid  and  warming. 

Lavulose,  as  above  stated,  is  best  obtained  by  the  hydrolytic  cleavage 
of  inulin,  by  warming  with  faintly  acidulated  water. 

Sorbinose  (sorbin)  is  a  ketose  obtained  from  the  juice  of  the  berry  of  the 
mountain  ash  under  certain  conditions.  It  is  crystalline  and  is  kevogyrate, 
and  is  converted  into  sorbite  by  reduction. 

Galactose  (not  to  be  mistaken  for  lactose  or  milk-sugar)  is  obtained 
on  the  hydrolytic  cleavage  of  milk-sugar  and  by  hydrolysis  of  many  other 
carbohydrates,  especially  varieties  of  gums  and  slime  bodies.  It  is  also 
obtained  on  heating  cerebrin,  a  nitrogenized  glucoside  prepared  from  the 
brain,  with  dilute  mineral  acids. 

It  crystallizes  in  needles  or  leaves  which  melt  at  168°  C.  It  is  some- 
what less  soluble  than  dextrose  in  water.  It  is  dextrogyrate  and  shows 
multirotation.  With  ordinary  yeast  the  galactose  is  slowly,  but  neverthe- 
less completely,  fermented.  It  is  fermented  by  a  great  variety  of  yeasts 
(E.  Fischer  and  Thierfelder),  but  not  by  Saccharomyces  apiculatus,8 
which  is  of  importance  in  physiological-chemical  investigations.  Galactose 
reduces  Fehling  's  solution  to  a  less  extent  than  dextrose,  and  10  c.  c. 
of  this  solution  are  reduced,  according  to  Soxhlet,  by  0.0511  grm.  galactose 
in  1  per  cent  solution.  Its  phenylosazone  melts  at  193°  C,  and  is  soluble 
with  difficulty  in  water,  but  relatively  easy  in  hot  alcohol.  Its  solution 
'm  glacial  acetic  acid  is  optically  inactive.    With  the  test  with  hydrochloric 

1  Zeitschr.  f.  physiol.  Chem.,  31;  Rosin,  ibid.,  38. 

1  Ber.  d.  d.  chem.  Geeeilsch.,  35;  also  Neuberg  and  Strauss,  ibid.,  36. 

*  See  F.  Voit,  Zeitschr.  f .  Biologie,  28  and  29. 
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acid  and  phloroglucin  galactose  gives  a  color  similar  to  the  pentoses,  but 
the  solution  does  not  give  the  absorption  spectrum.  On  oxidation  it 
first  yields  galactonic  acid  and  then  mucic  acid.  Both  1-  and  i-galactose 
have  been  artificially  prepared. 

Talose  is  a  sugar  which  is  artificially  prepared  by  the  reduction  of  talonic 
acid.  Talonic  acid  is  obtained  from  d-galactonic  acid  by  heating  it  with  quinohnet 
or  pyridine  to  140-150°  C. 

Appendix  to  the  Hexoses. 

CH,OH 

( CH  OrT) 
a-Glucosamine J  (chitosamine),C,HuNO,= S«x*w n    ,  whose  synthetical 

COH 
preparation  has  already  been  given  on  page  85,  was  first  prepared  by 
Ledderhosk*  from  chitin  by  the  action  of  concentrated  hydrochloric  acid. 
Recently  it  has  been  obtained  as  a  cleavage  product  of  several'  mucin 
substances  and  proteids  (see  pages  23  and  50).  Glucosamine  is,  as 
E.  Fischer  and  Leuchs  8  have  shown,  a  derivative  of  glucose  or  d-mannose 
(probably  dextrose),  and  as  an  intermediary  member  between  the  hexoses 
and  the  oxyamino  acids  obtainable  from  the  proteids,  it  forms  in  certain 
regards  a  bridge  between  the  proteids  and  the  carbohydrates. 

The  free  base  is  readily  soluble  in  water  with  an  alkaline  reaction  and 
quickly  decomposes.  The  characteristic  hydrochloride  forms  colorless 
crystals  which  are  stable  in  the  air  and  readily  soluble  in  water,  difficultly 
soluble  in  alcohol,  and  insoluble  in  ether.  The  solution  is  (a)o=  +70.15° 
to  74.64°  at  various  concentrations.4  Glucosamine  has  a  reducing  action 
similar  to  glucose,  gives  the  same  osazone,  but  is  not  fermentable.  With 
benzoyl  chloride  and  caustic  soda  it  gives  a  crystalline  ester.  In  alkaline 
solution  it  gives  with  phenylisocyanate  a  compound  which  can  be  con- 
verted into  its  anhydride  by  acetic  acid,  and  is  used  in  the  separation  and 
detection  of  glucosamine  (Steudel5).  On  oxidation  with  nitric  acid 
it  yields  norisosaccharic  acid,  whose  lead  salt  can  be  separated  and  whose 
salts  with  cinchonine  or  quinine  are  difficultly  soluble  in  water  and  can 
also  be  used  very  successfully  in  the  detection  of  glucosamine  (Neu- 
berg  and  Wolff  e).    On  oxidation  with  bromine  chitaminic  acid  (d-glucos- 

1  According  to  E.  Fischer's  suggestion  we  shall  use  the  term  glucosamine  instead 
of  the  term  chitosamine  which  has  lately  been  generally  used. 

1  Zeitschr.  f.  physiol.  Chem.,  2  and  4. 

1  Ber.  d.  d.  chem.  Gesellsch.,  36. 

4  See  Hoppe-Seyler-Thierf elder's  Handbuch,  7.  Aufl.j  Sundwik,  Zeitschr.  f.  physiol. 
Chem.,  34. 

1  Zeitschr.  f.  physiol.  Chem.,  34. 

'  Ber.  d.  d.  chem.  Gesellsch..  34. 
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aminic  acid)  is  produced,  and  this  is  converted  into  chitaric  acid,  CeHwO„ 
by  nitrous  acid.  On  treatment  with  nitrous  acid  glucosamine  yields  a 
non-fermentable  sugar  called  chitose. 

Ehruch  l  has  suggested  a  test  which  does  not  react  with  the  free  glucosamine; 
but  with  the  mucins  and  other  protein  bodies  containing  an  acetylated  glucos- 
amine. It  consists  in  warming  the  substance,  which  has  previously  been  treated 
with  alkali,  with  a  hydrochloric-acid  solution  of  dimethylaminobenzaldehyde, 
when  a  beautiful  red  color  is  obtained. 

Glucosamine  is  best  prepared  from  decalcified  lobster-shells  by  treating 
with  hot  concentrated  hydrochloric  acid.2  In  regard  to  its  preparation 
from  protein  substances  we  must  refer  to  the  works  cited  on  page  23, 
foot-note  7. 

Galactosamine  has  been  prepared  by  Schulz  and  Ditthorn  *  from  a 
glucoproteid  of  the  proteid  glands  of  the  frog! 

CHO 
Glucuronic  acid  (glycuronic  acid).  CeHjoO^CCH.OH),,  is  a  derivative 

COOH 

of  dextrose  and  has  been  synthetically  prepared  by  E.  Fischer  and 
Piiott  *  by  the  reduction  of  the  lactone  of  saccharic  acid.  On  oxidation 
vith  bromine  it  forms  saccharic  acid,  and  on  reduction  it  yields  gulonic 
acid  lactone.  Salkowski  and  Neuberg  *  have  obtained  1-xylose  from 
glucuronic  acid  by  splitting  off  COa  by  means  of  putrefaction  bacteria. 

Glucuronic  acid  has  not  been  found  in  the  free  state  in  the  animal  body. 
It  occurs  to  a  slight  extent  in  normal  urine  as  a  conjugated  acid,  phenol,  and 
probably  also  indoxyl  and  skatoxyl  glucuronic  acid.  It  occurs  to  a  much 
greater  extent  in  urine  as  conjugated  acid  after  the  introduction  of  several 
aromatic  and  also  aliphatic  substances,  especially  after  camphor  and  chloral 
hydrate.  It  was  obtained  first  by  Schmiedeberg  and  Meyer  from  campho- 
glucuronic  acid  and  then  by  v.  Mering  e  from  urochloralic  acid  by  cleavage 
with  dilute  acids.  According  to  P.  Mayer  7  on  the  oxidation  of  dextrose  a 
partial  formation  of  glucuronic  acid  and  oxalic  acid  takes  place,  and  there- 
fore, according  to  him,  an  increased  elimination  of  conjugated  glucuronic 
acids  show  in  certain  cases  an  incomplete  oxidation  of  dextrose.  Con- 
jugated glucuronic  acids  may  also  occur  in  the  blood  (P.  Mayer"),  also 

1  Mediz.,  Woche  1901,  No.  15;  see  Langstein,  Ergebnisse  der  Physiol.,  I,  Abt.  I,  88. 
'See  Hoppe-SeyleT-Thierf elder's  Handbuch,  7.  Aufl. 
'Zeitschr.  f.  physiol.  Chem.,  29. 
*  Ber.  d.  d.  chem.  Gesellsch.   24. 
•Zeitschr.  f.  physiol.  Chem.,  36. 

'Mayer  and  Neuberg,  Zeitschr.  f.  physiol.  Chem.,  29;  Schmiedeberg  u.  Meyer,  ibid., 
I;  v.  Mering,  ibid.,  6. 

7  Zeitschr.  f.  klin.  Med.,  47. 
•Zeitschr.  f.  physiol.  Chem.,  32. 
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in  the  faeces  and  bile.1  The  most  abundant  source  of  glucuronic  acid  iff 
the  artist  pigment  "Jaime  indien,"  which  contains  the  magnesium  salt 
of  euxanthic  acid  (euxanthon-glucuronic  acid). 

Glucuronic  acid  is  not  crystalline,  but  is  only  obtainable  as  a  sirup. 
It  dissolves  in  alcohol  and  is  readily  soluble  in  water.  If  the  aqueous  solu- 
tion is  boiled  for  an  hour  the  acid  is  partly  (20  per  cent)  converted 
into  the  crystalline  lactone,  glucuron,  C8H8Oe,  which  is  soluble  in  water 
and  insoluble  in  alcohol.  The  alkali  salts  of  the  acid  are  crystalline.  If 
a  concentrated  solution  of  the  acid  is  saturated  with  barium  hydrate  the 
basic  barium  salt  is  obtained  as  a  precipitate.  The  neutral  lead  salt  is 
soluble  in  water,  while  the  basic  salt  is  insoluble.  The  readily  crystallizable 
cinchonine  salt  can  be  used  in  isolating  glucuronic  acid  (Neuberg  '). 
Glucuronic  acid  is  dextrorotatory,  while  the  conjugated  acids  are  laevo- 
rotatory;  they  behave  like  dextrose  with  the  reduction  tests  and  do  not 
ferment  with  yeast.  They  give  the  pentose  reactions  with  phloroglucin  or 
orcin  and  hydrochloric  acid  and  yield  abundant  furfurol  on  distillation 
with  hydrochloric  acid.  With  the  phenylhydrazine  test  they  give  crystal- 
line compounds  which  are  not  sufficiently  characteristic  (Thierfelder, 
P.  Mayer  *).  With  p-bromphenylhydrazine  hydrochloride  and  sodium 
acetate  they  give  p-bromphenylhydrazine  glucuronate,  which  is  charac- 
terized by  insolubility  in  absolute  alcohol  and  by  a  very  prominent  Uevo- 
rotatory  action.  This  compound  is  very  well  suited  for  the  detection  of 
glucuronic  acid.*  Dissolved  in  a  mixture  of  alcohol  and  pyridine  (0.2  grm. 
substance  in  4  c.  c.  pyridine  and  6  c.  c.  alcohol)    the  rotation  is  =7°  25', 

20 
which  corresponds  to  (a)  —  =  —369°. 

Glucuronic  acid  is  best  prepared  from  euxanthic  acid,  which  decomposes 
by  heating  it  with  water  to  120°  C.  for  several  hours.  The  filtrate  from 
the  euxanthon  is  concentrated  at  40°  C,  when  the  anhydride  gradually 
crystallizes  out.  On  boiling  the  mother-liquor  for  some  time  and  re- 
evaporation  the  crystals  of  the  lactone  are  obtained. 

Disaccharides. 

Some  of  the  varieties  of  sugar  belonging  to  this  group  occur  ready 
formed  in  nature.  Thus  we  have  saccharose  and  lactose.  Some,  on  the 
contrary,  such  as  maltose  and  isomaltose,  are  produced  by  the  partial 
hydrolytic  cleavage  of  complicated  carbohydrates.  Isomaltose  is  besides 
this  also  obtained  from  dextrose  by  reversion  (see  next  page). 

1  See  Bial,  Hofmeister's  Beitrage,  3,  and  Leersum,  ibid. 
1  Ber.  d.  d.  chem.  Gesellsch.,  33. 

•  Thierfelder,  Zeitschr.  f.  physiol.  Chem.,  11,  13,  15;  P.  Mayer,  ibid.,  29. 
*See  Neuberg,  Ber.  d.  d.  chem.  Gesellsch.,  32,  and  Mayer  and  Neuberg,  Zeitschr. 
f.  physiol.  Chem.,  29. 
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The  disaccharides  or  hexobioses  are  to  be  considered  as  anhydrides, 
derived  from  two  monosaccharides  with  the  exit  of  1  molecule  of  water. 
Corresponding  to  this,  their  general  formula  is  C^HaOu.  On  hydrolytic 
cleavage  and  the  addition  of  water,  they  yield  two  molecules  of  hexoses, 
and  indeed  either  two  molecules  of  the  same  hexose  or  two  different  hexoses. 
Thus 

Saccharose + HjO = dextrose + laevulose ; 

Maltose      +H,0= dextrose + dextrose; 

Lactose      + H,0= dextrose -f  galactose. 

The  lavulose  turns  the  polarized  ray  more  to  the  left  than  the  dextrose 
does  to  the  right;  hence  the  mixture  of  hexoses  obtained  on  the  cleavage  of 
saccharose  has  an  opposite  rotation  to  the  saccharose  itself.  On  this 
account  the  mixture  is  called  invert-sugar,  and  the  hydrolytic  splitting 
is  designated  as  inversion.  This  term  inversion  is  not  only  used  for  the 
splitting  of  saccharose,  but  is  also  used  for  the  hydrolytic  cleavage  of 
compound  sugars  into  monosaccharides.  The  reverse  reaction,  whereby 
monosaccharides  are  condensed  into  complicated  carbohydrates,  is  called 
reversion. 

We  subdivide  the  disaccharides  into  two  groups:  first,  to  which  sac- 
charose belongs,  where  the  members  do  not  have  the  property  of  reducing 
certain  metallic  oxides;  and  the  second  group,  to  which  the  two  maltoses 
and  lactose  belong,  the  members  acting  like  monosaccharides  in  regard 
to  the  ordinary  reduction  tests.  The  members  of  this  last  group  have  the 
character  of  aldehyde-alcohols. 

Saccharose,  or  cane-sugar,  occurs  extensively  distributed  in  the  plant 
kingdom.  It  occurs  to  the  greatest  extent  in  the  stalk  of  the  sugar-millet 
&nd  sugar-cane,  the  roots  of  the  sugar-beet,  the  trunk  of  certain  varieties  of 
palms  and  maples,  in  carrots,  etc.  Cane-sugar  is  of  extraordinarily  great 
Importance  as  a  food  and  condiment. 

Saccharose  forms  lange,  colorless  monoclinic  crystals.  On  heating  it 
melts  in  the  neighborhood  of  160°  C,  and  on  heating  more  strongly  it  turns 
brown,  forming  so-called  caramel.  It  dissolves  very  readily  in  water,  and 
according  to  Scheibler  *  100  parts  saturated  saccharose  solution  contains  67 
parts  sugar  at  20°  C.  It  dissolves  with  difficulty  in  strong  alcohol.  Cane- 
^ar  is  strongly  dextrorotatory.  The  specific  rotation  is  only  slightly 
ttKHlified  by  concentration,  but  is  markedly  changed  by  the  presence  of 
other  inactive  substances.    The  specific  rotation  is  (a)D=+66.5°. 

Saccharose  acts  indifferently  towards  Moore's  test  and  to  the  ordinary 
reduction  tests.  It  does  not  ferment  directly,  but  only  after  inversion, 
»hich  can  be  brought  about  by  an  enzyme  (invertin)  contained  in  the  yeast. 
An  inversion  of  cane-sugar  also  takes  place  in  the  intestinal  canal.    Con- 

1  See  Tollens'  Eandbuch  der  Kohlenhydrate,  2.  Aufl.,  124. 
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centrated  sulphuric  acid  blackens  cane-sugar  very  quickly  even  at  the 
ordinary  temperature,  and  anhydrous  oxalic  acid  acts  the  same  on  warming 
on  the  water-bath.  Various  products  are  obtained  on  the  oxidation  of 
cane-sugar,  dependent  upon  the  variety  of  oxidizing  material  and  also  upon 
the  intensity  of  the  action.  Saccharic  acid  and  oxalic  acid  are  the  most 
important  products. 

The  reader  is  referred  to  complete  text-books  on  chemistry  for  the 
preparation  and  quantitative  estimation  of  cane-sugar. 

Maltose  (malt-sugar)  is  formed  in  the  hydrolytic  cleavage  of  starch  by 
malt  diastase,  saliva,  and  pancreatic  juice.  It  is  obtained  from  glycogen 
under  the  same  conditions  (see  Chapter  VIII).  Maltose  is  also  produced 
transitorily  in  the  action  of  sulphuric  acid  on  starch.  Maltose  forms  the 
fermentable  sugar  of  the  potato  or  grain  mash,  and  also  of  the  beerwort. 

Maltose  crystallizes  with  1  molecule  water  of  crystallization  in  fine 
white  needles.  It  is  readily  soluble  in  water,  rather  easily  in  alcohol,  but 
insoluble  in  ether.  Its  solutions  are  dextrorotatory;  and  the  specific 
rotation  is  variable,  depending  upon  the  concentration  and  temperature, 
but  is  considerably  stronger  than  dextrose.1  Maltose  ferments  readily  and 
completely  with  yeast,  and  acts  like  dextrose  in  regard  to  the  reduction 
tests.  It  yields  phenylmaltosazone  on  warming  with  phenylhydrazine  for 
1£  hours.  This  phenylmaltosazone  melts  at  206°  C.  and  is  more  soluble 
than  the  glucosazone.  Maltose  differs  from  dextrose  chiefly  in  the  follow- 
ing :  It  does  not  dissolve  as  readily  in  alcohol,  has  a  stronger  dextrorota- 
tory power,  has  a  feebler  reducing  action  on  Fehlino  's  solution.  10  c.  c. 
Fehling's  solution  is,  according  to  Soxhlet,'  reduced  by  77.8  milligrams 
anhydrous  maltose  in  approximately  1  per  cent  solution. 

Isomaltose.  This  variety  of  sugar  is  produced  by  reversion,  as  has 
been  shown  by  Fischer,'  besides  dextrin-like  products,  by  the  action  of 
fuming  hydrochloric  acid  on  dextrose.  A  reformation  of  isomaltose  and 
other  sugars  from  dextrose  can  also  be  brought  about  by  means  of  yeast 
maltase  (Hill  and  Emmerling  *).  It  is  also  formed,  besides  ordinary 
maltose,  in  the  action  of  diastase  on  starch  paste,  and  occurs  in  beer  and 
in  commercial  starch-sugar.  The  formation  of  isomaltose  in  the  hydrolysis 
of  starch  by  malt  diastase  has  been  denied  by  many  investigators  because 
they  considered  isomaltose  as  contaminated  maltose.5    It  is  also  produced, 


'See  Hoppe-Seyler-Thierfeldere'  Handbuch,  7.  Aufl. 

'Cited  from  Tollens'  Handbuch  der  Kohlenhydrate,  2.  Aufl.,  154. 

•  Ber.  d.  deutsch.  chem.  Gesellsch.,  23  and  28. 

4  Emmerling,  Ber.  d.  d.  chem.  Gesellsch.,  34;  Hill,  ibid.,  34,  and  L  c,  foot-note 
2,  page  14. 

•  Brown  and  Morris,  Journ.  of  Chem.  Soc,  1895;  Chem.  News,  72.  See  also  Oat, 
Ulrich.  and  Jalowetz,  Kef.  in  Ber.  d.  deutsch.  chem.  Gesellsch.,  28;  Ling  and  Baker, 
Journ.  of  Chem.  Soc,  1895;  Pattivin,  Chem.  Centralbl.,  1899,  II,  1023. 
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■with  maltose,  by  the  action  of  saliva  or  pancreatic  juice  (Kulz  and  Voqel) 
or  blood-serum  (Rohmann  *)  on  starch. 

Isomaltose  dissolves  very  readily  in  water,  has  a  pronounced  sweetish 
taste,  and  does  not  ferment,  or,  according  to  some,  only  very  slowly.  It  is 
dextrorotatory,  and  has  very  nearly  the  same  power  of  rotation  as  maltose. 
Isomaltose  is  characterized  by  its  osazone.  This  forms  fine  yellow  needles, 
which  begin  to  form  drops  at  140°  C.  and  melt  at  150-153°  C.  It  is  rather 
easily  soluble  in  hot  water  and  dissolves  in  hot  absolute  alcohol  much  more 
readily  than  the  maltosazone.  Isomaltose  reduces  copper  as  well  as  bis- 
muth solutions. 

Lactose  (milk-sugar).  As  this  sugar  occurs  exclusively  in  the  animal 
world,  in  the  milk  of  human  beings  and  animals,  it  will  be  treated  in  a 
following  chapter  (on  milk). 

Polysaccharides. 

If  we  exclude  the  hexotrioses  and  the  few  remaining  sugar-like  poly- 
saccharides, this  group  includes  a  great  number  of  very  complex  carbo- 
hydrates, which  occur  only  in  the  amorphous  condition  or  at  least  not  as 
crystals  in  the  ordinary  sense.  Unlike  the  bodies  belonging  to  the  other 
poups,  these  have  no  sweet  taste.  Some  are'  soluble  in  water,  while 
others  swell  up  therein,  especially  in  warm  water,  and  finally  are  neither 
dissolved  nor  visibly  changed.  Polysaccharides  are  ultimately  converted 
ffito  monosaccharides  by  hydrolytic  cleavage. 

The  polysaccharides  (not  sugar-like)  are  ordinarily  divided  into  the 
Mowing  chief  groups:  starch  group,  gum  and  vegetable-^mucUage  group, 
*od  cellulose  group. 

Starch  Group  (CeH10O6)x. 

Starch,  amylum,  (CaHl0O6)x.  This  substance  occurs  in  the  plant  king- 
dom very  extensively  distributed  in  the  different  parts  of  the  plant,  espe- 
cially as  reserve  food  in  the  seeds,  roots,  tubers,  and  trunk. 

Starch  is  a  white,  odorless,  and  tasteless  powder,  consisting  of  small 
granules,  which  have  a  stratified  structure  and  different  shape  and  size  in 
different  plants.  According  to  the  ordinary  opinion  the  starch-granules 
consist  of  two  different  substances,  starch  granulose  and  starch  cellu- 
le, of  which  the  first  only  goes  into  solution  on  treatment  with  diastatio 
onzymes. 

Starch  is  considered  insoluble  in  cold  water.  The  grains  swell  up  in 
*arm  water  and  burst,  yielding  a  paste.  Starch  is  insoluble  in  alcohol  and 
other.  On  heating  starch  with  water  alone,  or  heating  with  glycerine  to 
190°  C.,  or  on  treating  the  starch-grains  with  6  parts  dilute  hydrochloric 

1  Kulz  and  Vogel,  Zeitschr.  f.  Biologie,  31 ;  Rohmann,  Centralbl.  f.  d.  med.  Wissensch., 
m,  849. 
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acid  of  sp.  gr.  1.07  at  ordinary  lemjjerature  for  six  to  eight  weeks,1  it  is 
converted  into  soluble  starch  (amyi.oukxtkin,  am  uitlin).  Soluble  starch  is 
also  formed  as  an  intermediate  step  in  the  conversion  of  starch  into  sugar  by 
dilute  acids  or  diastatic  enzymes.  Soluble  .starch  may  be  precipitated  from 
luti.ins  by  baryta-water.1 

Starch-granules  .swell  up  and  form  a  pasty  mass  in  caustic  |K>tash  or 

la.  This  mass  gives  neither  Moore's  nor  Trom.mkk's  tat.  Starch 
paste  does  not  ferment  with  yeast.  The  most  characteristic  test  for  starch 
is  the  blue  coloration  produced  by  iodine  En  the  presence  of  hydriodic  acid 
or  alkali  iodides.8  This  blue  coloration  disappears  on  the  addition  of 
nlniliol  or  alkalies,  and  also  on  warming,  but  reappears  again  on  cooling. 

On  boiling  with  dilute  acids  starch  is  converted  into  dextrose.     In  the 

< nana  by  means  of  diastatic  enzymes  we  have  as  a  rule,  besides  dextrin, 

maltose,  and  isomaltosc,  only  very  little  dextrose.     We  are  considerably  in 

the  dark  as  to  the  kind  and  number  of  intermediate  products  produced  in 

process  (see  Dextrins). 

rch  may  be  detected  by  means  of  the  microscope  and  by  the  iodine 

react  inn.    Starch   is   quantitatively    estimated,    according    to   Sachsse's 

method/  by  converting  it  into  dextrose  by  hydrochloric  acid  and    then 

determining  the  dextrose  by  the  ordinary  methods. 

Inulin,  (CyijjOJx+HjO,  occurs  in  the  underground  parts  of  many 
(•"Tiipositi-  especially  in  the  roots  of  the  inula  heleniurn,  the  tubers  of  the 
dahlia,  the  varieties  of  helianthus,  etc.  It  is  ordinarily  obtained  from  the 
tubers  of  the  dahlia. 

Inulin  forms  a  white  powder  similar  to  starch,  consisting  of  sphrcroid 
crystals,  which  are  readily  soluble  is  warm  water  without  forming  a  paste. 
It  separates  slowly  on  cooling,  but  more  rapidly  on  freezing.  Its  solutions 
are  lajvogyrate  and  are  precipitated  by  alcohol,  and  are  only  colored  yellow 
with  iodine,  [nulin  B  converted  into  the  hevogyrale  monosaccharide 
Isvulose  on  boiling  with  dilute  sulphuric  acid.  Diastatic  enzymes  ha\  a 
"  very  slight  action  00  inulin. ■ 

Liehi-nin  (ifOflS-STABCB;)  occurs  in  many  lichens,  namely,  in  Iceland  moss. 
It  is  not  soluble  in  cold  water,  but  swells  up  into  a  jelly.     It  is  soluble  in  hot 

water,  funning  Q  jelly  on  allowing  the  concentrated  wniuiion  tu  ■ 1.      Ii  is  colored 

•     iodLae  and  yields  glueoea  on  boiling  with  dilute  acids.      Lichenin  is 
not  (hanged  by  <ha~-  h  as  ptyalin  or  amylops:  >\ '). 


1  See  Tel  il,  .  I  M       Tn  regard  to  other  methods,  see  Wroblewski,  Ber.  d. 

dcutach.  obesn.  GaMllfO&L,  30;  Synicwski,  ibid. 

1  In  regard  to  I  soluble  starch  and  dextrins  with  barium  hydrate, 

[low,  Pflugor's  Arch.,  02. 

*  See  Mylius,  Hit  .1  deutaoh.  chem.  Gesellsch.,  20,  and  Zeitschr.  f.  physiol.  Chem.,  11. 
'TohVnV  Ilandb.,  2.  Aufl.,  187. 
•Ibvi.,  208. 

•  Upaala  Lakaref.  Forh.,  28. 
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Glycogen.  This  carbohydrate,  which  stands  to  a  certain  extent  between 
starch  and  dextrin,  is  principally  found  in  the  animal  kingdom,  hence  it 
will  be  considered  in  a  subsequent  chapter  (on  the  liver). 


The  Gums  and  Vegetable  Mucilages,  (C^E10O^x. 

These  bodies  may  be  divided  into  two  chief  groups,  according  to  their 
origin  and  occurrence,  namely,  the  dextrin  group  and  the  vegetable  gums  or 
mucQaga.  The  dextrins  stand  in  close  relationship  to  the  starches  and 
are  formed  therefrom  as  intermediate  products  in  the  action  of  acids  and 
diastatic  enzymes.  The  various  kinds  of  vegetable  gums  and  vegetable  mu- 
cilages occur,  on  the  contrary,  as  natural  products  in  the  vegetable  kingdom, 
and  some  may  be  separated  from  certain  plants  as  amorphous,  transparent 
masses  and  others  may  be  extracted  from  certain  parts  of  the  plant,  such 
as  the  wood  and  seeds,  by  proper  solvents. 

The  dextrins  yield  as  final  products  only  hexoses,  and  indeed  only 
dextrose  on  complete  hydrolysis.  The  vegetable  gums  and  the  mucilages 
yield,  on  the  contrary,  not  only  hexoses,  but  also  an  abundance  of  pentoses 
(gum  arabic  and  wood-gum),  d-galactose  occurs  often  amongst  the 
hexoses,  and  as  differentiation  from  the  dextrins  they  yield  mucic  acid  on 
oxidation  with  nitric  acid.  The  dextrins,  as  well  as  the  ordinary  varieties 
of  gums  and  mucilages,  are  precipitated  by  alcohol.  Basic  lead  acetate 
precipitates  the  gums  and  mucilages,  but  not  the  dextrins. 

Dextrin  (starch-gum,  British  gum)  is  produced  on  heating  starch  to 
200-210°  C,  or  by  heating  starch,  which  has  previously  been  moistened 
with  water  containing  a  little  nitric  acid,  to  100-110°  C.  Dextrins  are  also 
produced  by  the  action  of  dilute  acids  and  diastatic  enzymes  on  starch. 
We  are  not  quite  clear  in  regard  to  the  steps  taking  place  in  the  above 
processes,  but  the  ordinary  views  are  as  follows:  Soluble  starch  is  the  first 
product  which  gives  a  blue  with  iodine,  then  amylodextrin,  which  on  further 
hydrolytic  cleavage  yields  sugar  and  erythrodcxtrin,  which  is  colored  red 
°y  iodine.  On  further  cleavage  of  this  erythrodextrin  more  sugar  and 
a  dextrin,  achroodextrin,  which  is  not  colored  by  iodine,  is  formed.  From 
tnis  achroodextrin  after  successive  splittings  we  have  sugar  and  dextrins 
of  lower  molecular  weights  formed,  until  finally  we  have  sugar  and  a  dextrin, 
Mdtodextrin,  which  refuses  to  split  further,  as  final  products.  The  views 
tfe  rather  contradictory  in  regard  to  the  number  of  dextrins  which  occur 
88  intermediate  steps.  The  sugar  formed  is  isomaltose,  from  which  mal- 
tose and  only  very  little  dextrose  are  produced.  Another  view  is  that 
first  several  dextrins  are  formed  consecutively  in  the  successive  splitting 
with  hydration,  and  then  finally  the  sugar  is  formed  by  the  splitting  of 
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the  last  dextrin.  Other  investigators,  especially  Syniewski,  have  recently 
suggested  views  on  this  subject.1 

The  various  dextrins  have  not  as  yet  been  separated  from  each  other, 
nor  isolated  as  chemical  individuals.  Recently  Young  8  has  tried  their 
separation  by  means  of  neutral  salts,  especially  ammonium  sulphate.  We 
cannot  enter  into  the  differences  as  to  the  dextrins  so  separated,  and  only 
the  characteristic  properties  and  reactions  will  be  given  for  the  dextrins  in 
general. 

The  dextrins  appear  as  an  amorphous,  white  or  yellowish-white  powder 
which  is  readily  soluble  in  water.  Their  concentrated  solutions  are  viscid 
and  sticky,  similar  to  gum  solutions.  The  dextrins  are  dextrogyrate. 
They  are  insoluble  or  nearly  so  in  alcohol,  and  insoluble  in  ether.  Watery 
solutions  of  dextrins  are  not  precipitated  by  basic  lead  acetate.  Dextrins 
dissolve  cupric  hydrate  in  alkaline  liquids,  forming  a  beautiful  blue  solu- 
tion, which,  as  is  generally  admitted,  is  reduced  by  pure  dextrins.  The 
dextrins  are  not  directly  fermentable. 

The  vegetable  gums  are  soluble  in  water,  forming  solutions  which  are  viscid 
but  may  be  filtered.  We  designate,  on  the  contrary,  as  vegetable  mucilage* 
those  varieties  of  gum  which  do  not  or  only  partly  dissolve  in  water,  and  which 
swell  up  therein  to  a  greater  or  less  extent.  The  natural  varieties  of  gum  and 
mucilage,  to  which  several  generally  known  and  important  substances,  such  as 
gum  arabic,  wood-gum,  cherry-gum,  salep,  and  quince  mucilage,  and  probably 
also  the  little-studied  pectin  substances  belong,  will  not  be  treated  in  detail, 
because  of  their  unimportance  from  a  physiological  standpoint. 

The  Cellulose  Group  (QHwO,)x. 

Cellulose  is  that  carbohydrate,  or  perhaps  more  correctly  mixture  of 
carbohydrates,  which  forms  the  chief  constituent  of  the  walls  of  the  plant- 
cells.  This  is  true  for  at  least  the  walls  of  the  young  cells,  while  in  the 
walls  of  the  older  cells  the  cellulose  is  extensively  incrusted  with  a  sub- 
stance called  lignin. 

The  true  celluloses  are  characterized  by  their  great  insolubility.  They 
are  insoluble  in  cold  or  hot  water,  alcohol,  ether,  dilute  acids,  and  alkalies. 
We  have  only  one  specific  solvent  for  cellulose,  and  that  is  an  ammoniacal 
solution  of  copper  oxide  called  Schweitzer's  reagent.  The  cellulose  may 
be  precipitated  from  this  solvent  by  the  addition  of  acids,  and  obtained  as 
an  amorphous  powder  after  washing  with  water. 

1  In  regard  to  the  various  views  on  the  theories  of  the  saccharification  of  Starch, 
see  Musculus  and  Gruber,  Zeitschr.  f.  physiol.  Chem.,  2;  Lintner  and  Dull,  Ber.  d.  d. 
chem.  Gosellsch.,  26  and  28;  Biilow,  I,  c. ;  Brown  and  Heron,  Journ.  of  chem.  Soc.,  1879; 
Brown  and  Morris,  ibid.,  1883  and  1889;  Syniewski,  Annul,  d.  Chem.  u.  Pharm.,  309,  and 
Chem.Centralhl.,  1902,  2. 

1  Journ.  of  Physiol.,  22,  which  contains  the  older  researches  of  Nasse,  Kriiger, 
Ncumeiater,  Pohl,  and  Halliburton. 
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Cellulose  is  converted  into  a  substance,  so-called  amyloid,  which  gives 
a  blue  coloration  with  iodine  by  the  action  of  concentrated  sulphuric  acid. 
By  the  action  of  strong  nitric  acid  or  a  mixture  of  nitric  acid  and  concen- 
trated sulphuric  acid  celluloses  are  converted  into  nitric-acid  esters  or  nitro- . 
celluloses,  which  are  highly  explosive  and  have  found  great  practical  use. 

The  ordinary  celluloses  when  treated  at  the  ordinary  temperature  with 
strong  sulphuric  acid  and  then  boiled  for  some  time  after  diluting  with 
water  are  converted  into  dextrose.  We  also  have  celluloses  which  behave 
differently,  namely  those  which  yield  mannose  on  the  above  treatment. 

Hemicellnloies  are,  according  to  E.  Schulze,  those  constituents  of  the 
edl-wall  related  to  cellulose  which  differ  from  the  ordinary  cellulose  by  dissolv- 
ing cm  heating  with  strongly  diluted  mineral  acids,  such  as  1.25  per  cent  sulphuric 
aod,  and  of  yielding  arabinose,  xylose,  galactose,  and  mannose  instead  of  dextrose. 
The  hemicelluloses  (from  lupin  seeds)  are  hydro  lized  even  by  0.1  per  cent  hydro- 
chloric acid  and  are  dissolved,  although  only  slowly,  by  diastatic  enzymes  (Schulzb 
and  Castobo  *). 

The  cellulose,  at  least  in  part,  undergoes  decomposition  in  the  intestinal 
tract  of  man  and  animals.  A  closer  discussion  of  the  nutritive  value  of 
cellulose  will  be  given  in  a  future  chapter  (on  digestion).  The  great  impor- 
tance of  the  carbohydrates  in  the  animal  economy  and  to  animal  metab- 
olism will  also  be  given  in  the  following  chapters. 

'£.  Schulxe,  Zeitschr.  f.  physiol.  Chem.,  16  and  19,  with  Castoro,  ibid.,  36. 


CHAPTER  IV. 

THE  ANIMAL  FATS. 

Tiir.  fats  form  the  tliird  chief  group  of  the  organic  foods  of  man  and 
animals.  They  occur  very  widely  distributed  in  the  animal  and  plant 
kingdoms.  Fat  occurs  in  all  organs  and  tissues  of  the  animal  organism, 
though  the  quantity  may  In?  so  variable  that  a  tabular  exhibit  of  the  amount 
of  fat  in  different  organs  is  of  little  interest.  The  marrow  contains  the 
largest  quantity,  having  over  fltf  per  cent.  The  three  most  important 
deposits  of  fat  in  the  animal  organism  are  the  intermuscular  connective 
tissue,  the  fatty  tissue  in  the  abdominal  cavity,  and  the  subcutaneous  con- 
nective tissues.  In  plants  the  seeds  and  fruit,  and  in  certain  instances 
also  the  roots,  are  rich  in  fat. 

The  fats  consist  nearly  entirely  of  so-called  neutral  fats  with  only  very 
s:v.a-!  quantities  of  fatty  acids.  The  neutral  fats  are  esters  of  the  triatomic 
a'.vho*.  g\ivr;v.e.  with  monobasic  fatty  acids.  These  esters  are  triglycerides, 
?>•-.•  ;<  -^  V.\  .-roger.  a:o:v.s  of  the  three  hydroxy!  groups  of  the  glycerine 
•he  :V»::>-a;i:  rs.::;a".<.  a:*..:  :r.c:r  general  formula  is  there- 
.1*  .iv.iv.-.."  fats  iv:;s;s:  ."hu-Sy  ■  f  esters  of  the  three  fatty 
a.I.v*  s:ea:!.\  pa*.:v.;tic.  ay.  I  cx\-:  .-wris  Ir.  i-trrtair.  rats,  especially  in  milk- 
::>  &x:.i>  <:.:':.  as  Ir.'.tyr:; .  <t&y?:w  caprylic.  and  capric 
ivr.>:.'.4'r:«*.'*.c  s""..*'.;r.:s  Leslies  the  above-xnentioned 
>:.v.ri.-  -.a. -.v.!:":.  ar. ;  .*•.:.•  a.:  :>.  we  also  find  in  human 
cv. •'..>.-.  »-  . :'  .;r :.••..:.  fatty  a.i.;>  .-~*y  Utt'e  studied,  the  fol- 
:.;•  .'.;•.:>  .-•... :.s  as  ^ >.vrf;».  Tjsstif.  ]xir.s  acid.  C,JI^O„ 
.*::.,»v\  &?.?.  an,.  :. ...  a. ..:  0r,K.f \\»  In  the  plant  kingdom 
.:..:  ::.::;.  a....*  >...'..  a>  "a-..-;  a.:.i.  zvyrsstio  acid,  linoleic 
s- •.•.:■:.;>  .v: :-  &'...::  i.<.r.:'.\ .  Ivsiies  these,  oxy- 
*,v.'. ::"  a'.-  '•  »  ":•.-.  ;•  .wr.  "  ..r.  i  ir.  many  plant  fats. 
.**■*,.>  .:•;*>;-  \  .%..-.>  ir.  :h:  anits&l  kingdom  has 
j.  .>   ...•  ..•..  .».-.  ..-?■::::■■:  . :  r.varxystearic  acid 

V  .'    •  .    — .    ■{-       '._::.  -v kv-uiar  alcohols, 
>•■•  •>      as  . :.  :>■;  .-;-ntrsiy  been  posi- 

■  >  •  v  .  i*,-    >         .■->:  .«.".■.;  .-.in>i>:  c£  a  mixture  of 
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▼arying  quantities  of  tkistkakin,  thii'almitin',  and  triolein,  having  an 
Average  elementary  composition  at  C  76.5,  H  12.0,  and  O  11.5  per  i 
It  must  be  remarked  that  in  animal  fat  (mutton  and  beef  tallow)  as  well 
as  in  plant  fat  (olive-oil)  mixed  triply cerides,  such  aa  dipahnito-olcin, 
dttlearo-palmitin,  distearo-olein,  occur  and  that  these  mixed  glvcerides  may 
also  be  prepared  synthetically.1 

Fats  from  different  species  of  animals,  and  even  bom  different  parts  of 
tbesame  animal,  have  an  essentially  different  consistency,  depending  upon 
the  relative  amounts  of  the  different  fats.  In  solid  fats — as  tallow — 
irin  and  tripalmitin  are  in  excess,  while  the  less  solid  fats  are  charac- 
terized by  a  greater  abundance  of  tripalmitin  and  triolein.  This  last- 
mentioned  fat  is  found  in  greater  quantities  proportionally  in  cold-blooded 
animals,  and  this  accounts  for  the  fat  of  these  animals  remaining  fluid  at 
•ratures  at  which  the  fat  of  warm-bl< -oiled  animals  solidifies.  Human 
fat  from  different  organs  and  tissues  contains,  fan  round  m  ■  ;;'  >5  per 

wot  triolein.3  The  melting-point  of  different  fats  depends  upon  the  com- 
position of  the  mixtures,  and  it  not  only  varies  for  fat  from  different  tissues 
«f  die  same  animal,  but  also  for  the  fat  from  the  same  tissues  in  various 
lunds  of  animals. 

Ni'utral  fats  are  colorh-ss  or  yellowish  and,  when  perfectly  pure,  odorless 
and  tasteless.  They  are  Lighter  than  wat<-r.  on  which  they  float  when  in  a 
molten  condition.  They  arc  insoluble  in  water,  dissolve  in  boiling  aleohol, 
•  paratc  on  coaEng, — often  in  crystals.  They  are  easily  soluble  in 
ether,  benzene,  and  chloroform.  The  fluid  neutr.d  fata  give  an  emulsion 
when  shaken  with  a  solution  of  gum  or  albumin.  With  water  alone  they 
grre  an  emulsion  only  after  vigorous  and  prolonged  shaking,  but  the 
enulsinn  Is  not  persistent.  The  presence  of  some  soap  causes  a  very  fine 
*nd  permanent  emulsion  to  form  easily.  Fat  produces  spots  on  paper 
*tneh  do  not  disappear;  it  is  not  volatile;  it  boils  at  about  300°  C.  v, iih 
partial  decomposition,  and  burns  with  a  luminous  and  imoJrj  (lame.  The 
have  mast  of  the  above-mentioned  properties  in  common  with 
toe  neutral  fats,  but  differ  from  in  being  soluble  in  alcohol-ether,  in 

having  an  acid  reaction,  and  by  not  giving  the  acrolein  test.  The  neutral 
kts  generate  a  strong  irritating  vapor  of  acrolein,  due  to  the  decomposition 
°f  glycerine,    C,H,(OH),— 2H30=C,H,0,    when    heated    alone,   or   more 

Jy  when  heated  with  potassium  bisulphate  or  with  other  dehydrating 

stances. 

The  neutral  fats  may  be  split  by  the  addition  of  the  constituents  of 


'Guth,  Zeitachr.  f.  Biologie,  44;  W.  Hansen,  Arch.  f.  Hygiene,  42;  Hulde  and 
8Uage,  Iter.  <L  d.  chem.  GeselUch.,  34;  Krcis  and  Hafner,  ibid.,  3G. 

1  see  Knopfelmacber,  "  Untcrauch.  uber  dad  Fett  im  SHuglingsalter,"  etc.,  Jahrlnicli 
i-  Kindcrheilkunde  (N.  F.),  45,  which  also  contains  the  older  literature;  Jaeckle, 
Zeitachr.  f.  physiol.  Chcui..  36. 
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water  according  to  the  following  equation:  C,H,(OR),  +3H,0«=C,Hj(OH), 
+3HOR.  This  splitting  may  be  produced  by  the  pancreatic  enzyme  and 
other  enzymes  occurring  in  the  animal  and  vegetable  kingdoms,  or  by 
superheated  steam.  We  most  frequently  decompose  the  neutral  fats  by 
boiling  them  with  not  too  concentrated  caustic  alkali,  or,  still  better  (in 
biochemical  researches),  with  an  alcoholic  potash  solution  or  with  sodium 
alcoholate.  By  this  procedure,  which  is  called  saponification,  the  alkali  salts 
of  the  fatty  acids  (soaps)  are  formed.  If  the  saponification  is  made  with 
lead  oxide,  then  lead  plaster,  the  lead  salt  of  the  fatty  acids  is  produced. 
By  saponification  is  to  be  understood  not  only  the  cleavage  of  neutral  fate 
by  alkalies,  but  also  the  splitting  of  neutral  fats  into  fatty  acids  and  glycer- 
ine in  general. 

On  keeping  fats  for  a  long  time  in  contact  with  air  they  undergo  a  change, 
becoming  yellow  in  color,  acid  in  reaction,  and  develop  an  unpleasant 
odor  and  taste.  They  become  rancid,  and  in  this  change  a  part  of  the 
fat  is  split  into  fatty  acids  and  glycerine,  and  then  an  oxidation  of  the  free 
fatty  acids  takes  place,  producing  volatile  bodies  of  an  unpleasant  odor. 

The  three  most  important  fate  of  the  animal  kingdom  are  stearin, 
palmitin,  and  olein. 

CH3.O.CuH„0 

Stearin  or  tristearin,  CwHU0Oe=CH.O.C18HSiO,  occurs    especially    in 

CH3.O.CuH3iO 
the  solid  varieties  of  tallows,  but  also  in  the  vegetable  fate.  Stearic  acid, 
C^HjoOj,  is  found  in  the  free  state  in  decomposed  pus,  in  the  expectora- 
tions in  gangrene  of  the  lungs,  and  in  cheesy  tuberculous  masses.  It 
occurs  as  lime-soap  in  excrements  and  adipocere,  and  in  this  last  product 
also  as  an  ammonium  soap.  It  also  exists  as  alkali  soap  in  the  blood,  bile, 
transudations,  and  pus,  and  in  the  urine  to  a  slight  extent. 

Stearin  is  the  hardest  and  most  insoluble  of  the  three  ordinary  neutral 
fate.  It  is  nearly  insoluble  in  cold  alcohol,  and  soluble  with  great  difficulty 
in  cold  ether  (225  parte).  It  separates  from  warm  alcohol  on  cooling  as 
rectangular,  less  frequently  as  rhombic  plates.  The  statements  in  regard 
to  the  melting-point  are  somewhat  varied.  Pure  stearin,  according  to 
Heintz,1  melts  transitorily  at  55°  and  permanently  at  71.5°.  The  stearin 
from  the  fatty  tissues  (not  pure)  melte  at  63°  C. 
CH, 

Stearic  acid,  (CHj)JB,  crystallizes  (on  cooling  from  boiling  alcohol)  in 
COOH 
large,  shining,  long  rhombic  scales  or  plates.    It  is  less  soluble  than  the 
other  fatty  acids  and  melte  at  69.2°  C.    Its  barium  salt  contains  19.49  per 
cent  barium,  and  its  silver  salt  contains  27.59  per  cent  silver. 

1  Annal.  d.  Chem.  u.  Phann..  92. 


PALMIT1N  AND  OLEIN.  Ill 

.  CH,.O.CwHflO 

Palmitin,  or  tripalmitin,  CuHagOe-CH.O.CjjH^O.    Of  the  two  solid  va- 

CH,.O.CieH„0 
neties  of  fats,  palmitin  is  the  one  which  occurs  in  predominant  quantities 
in  human  fat  (Langer  *)  Palmitin  is  present  in  all  animal  fats  and  in 
several  kinds  of  vegetable  fat.  A  mixture  of  stearin  and  palmitin  was 
formerly  called  margarin.  As  to  the  occurrence  of  palmitic  acid,  CieHBOa, 
about  the  same  remarks  apply  as  to  stearic  acid.  The  mixture  of  these 
two  acids  has  been  called  margaric  acid,  and  this  mixture  occurs — often 
as  very  long,  thin,  crystalline  plates — in  old  pus,  in  expectorations  from 
gangrene  of  the  lungs,  etc. 

Palmitin  crystallizes,  on  cooling  from  a  warm  saturated  solution  in  ether 
or  alcohol,  in  starry  rosettes  of  fine  needles.  The  mixture  of  palmitin  and 
stearin,  called  margarin,  crystallizes,  on  cooling  from  a  solution,  as  balls  or 
round  masses  which  consist  of  short  or  long,  thin  plates  or  needles  which 
often  appear  like  blades  of  grass.  Palmitin,  like  stearin,  has  a  variable 
melting  and  solidifying  point,  depending  upon  the  way  it  has  been  pre- 
viously treated.  The  melting-point  is  often  given  as  62°  C.  According 
toother  statements,'  it  melts  at  60.5°  C,  solidifies  on  further  heating,  and 
melts  again  at  66.50°  C. 
CH, 

Palmitic  acid,  (fcH,)M,  crystallizes  from  an  alcoholic  solution  in  tufts 
COOH 
of  fine  needles.  It  melts  at  62°  C. ;  still  the  admixture  with  stearic  acid, 
mHeixtz  has  shown,  essentially  changes  the  melting-  and  solidifying-points 
according  to  the  relative  amounts  of  the  two  acids.  Palmitic  acid  is  some- 
what more  soluble  in  cold  alcohol  than  stearic  acid ;  but  they  have  about 
the  same  solubility  in  boiling  alcohol,  ether,  chloroform,  and  benzene.  Its 
barium  salt  contains  21.17  per  cent  barium,  and  the  silver  salt  contains 
29.72  per  cent  silver. 

CHa.O.CuH3,0 

Olein,  or  triolein,  CnHmOe=CH.O.C18H3gO,  is  present   in   all  animal 

CHa.O.CwH„0 
fats,  and  in  greater  quantities  in  vegetable  fats.    It  is  a  solvent  for  stearin 
and  palmitin.    The  oleic  acid  (elaic  acid),  CMHM0„  has  as  soaps  probably 
the  same  occurrence  as  the  other  fatty  acids. 

Olein  is,  at  ordinary  temperatures,  a  nearly  colorless  oil  of  a  specific 
Pavity  of  0.914,  without  odor  or  marked  taste,  and  solidifies  in  crystalline 
needles  at  —6°  C.    It  becomes  rancid  quickly  if  exposed  to  the  air.    It 


1  Monatshefte  f.  Chem.,  2;  see  also  Jaeckle,  Zeitschr.  f.  physiol.  Chem.,  36. 
1 R.  Benedikt,  Analyse  der  Fette.     3.  Aufl. ,  1897,  44. 
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dissolves  with  difficulty  in  cold  alcohol,  but  more  easily  in  warm  al< 
or  in  ether.    It  is  converted  into  its  isomer,  elaidin,  by  nitrous  acid. 

Oleic  acid,    .••„      ,  forms  on  heating,  besides  volatile  acids,  sebacic 

(tea, 

coon 

C10H,8O4,  which  crystallizes  in  shining  leaves  and  melts  at  127°  C.  With 
nitrous  acid  oleic  acid  is  transformed  into  the  isomeric  solid  elaidic  acid, 
which  melts  at  45°  C.  Oleic  acid  forms  at  ordinary  temperature  a  colorless, 
tasteless,  and  odorless  oily  liquid  which  solidifies  in  crystals  at  B 
4°  C.j  which  then  melt  again  at  14°  C.  Oleic  acid  is  insoluble  in  water, 
but  dissolves  in  alcohol,  ether,  and  chloroform.  With  concentrated  sul- 
phuric acid  and  some  cane-sugar  it  gives  a  beautiful  red  or  reddish-violet 
liquid  whose  color  is  similar  to  that  produced  in  Pettenkofer's  te 
bile-acids.  01'  ic  -  id  is  an  unsaturated  fatty  acid  which  can  tak.'  Up 
halogens.  On  heating  with  hydriodic  acid  and  amorphous  phosphorus 
it  takes  up  hydrogen  and  is  converted  into  stearic  acid.  Oleic  acid  readily 
oxidizes  in  the  air.  yielding  :i«id  products.  The  monoxystearic  acid  found 
lain  animal  fats  may  he  formed  from  oleic  acid  by  oxidation.  The 
in  salt  of  oleic  acid  contains  19.65  per  cent  barium  and  the  silver 
salt  27.73  per  cent  silver. 

If  the  watery  BoKltaOD  of  the  alkali  combinations  of  oleic  acid  is  precipi- 
tated with  lead  acetate,  a  white,  tough,  sticky  mass  of  lead  oleate  is 
ined  which  is  not  soluble  in  water  and  only  slightly  hi  alcohol,  but  is 
Bohlble  hi  ether.  This  salt  is  more  easily  soluble  in  benzene  than  th 
salts  of  stearic  and  palmitic  m  ids,  and  this  behavior  of  the  lead  salts  towards 
ether  and  benzene  is  made  use  of  in  separating  oleic  acid  from  the  other 
fatty  acids. 

acid  related  to  oleic  acid,  doeomc  Ann,  which  is  solid  at  0°  C,  liquid  at 
16°  C,  and  soluble  in  alcohol,  is  found  in  the  blubber  of  the  Tialarna  rostrata. 
JviiciiAToiK  '  bai  demonstrated  the  presence  of  Imolcic  ftCld  in  the  fat  of  the  silurus, 
sturgeon,  peal,  and  certain  other  animals.     Drying  fats  have  I  I  found  by 

AmXBOB  and  Zink3  in  hares,  wild  rabbits,  wild  boar,  and  mountain-cock. 

To  detect  the  presence  of  fat  in  an  animal  fluid  or  tissue  the  fat  must 
first  be  shaken  out  or  extracted  with  ether.  After  the  evaporation  of  the 
ether  the  residue  is  tested  for  fat  and  the  acrolein  test  must  not  be  neg- 
lected. If  this  test  gives  positive  results,  then  neutral  fats  are  pn 
if  the  results  are  negative,  then  only  fatty  acids  are  present.  If  the  above 
residue  after  evaporation  gives  the  acrolein  test,  then  a  Bmall  portion  is 
dissolved  in  alcohol-ether  free  from  acid  and  which  has  been  colored  bluish 


1  Muly's  Jahresber.,  22. 


1  Zettaohr.  f.  analyt.  Chem.,  38. 
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by  tincture  of  alkanet.    If  the  color  beooawa  red,  a  mixture  of  neu- 
present.     In  this  case  the  fai  n  treated  while 
warm  with  a  soda  solution  ami  evaporated  on  the  water-bath,  •■•instantly 
atirrini  luitil  all   the  water  is  removed.     The  fa 

with  the  alkali,  formh  while  the  neutral  fats  ate  not  Saponified 

if   this    mixture  of  soaps  and   Dei 
i'h  water  ami  t!  pure  otheVj  the   neutral   fat? 

«re  dissolved,  whi)  on  in  th.  The 

separated  from  this  solution  by  the  addition  of  a  mi 
is  the  arid  fri 
The  neutral  fa  ited  from  thi  >y  means  of  ether  are  often 

with  oholesterinj  which  must  be  separated  in  quantita 

ion     with     alcoholic  I  he 

cholcct'Tiii  is  n  ill..  Lkalt,  while  the  neutral 

ttponified.     \:  oration  of  the  alcohol  the  residue  b  dissolved  in 

vadr  ami  shaken  with  ether,  which  <-s  the  cholesterin.    The  fatty 

ate  1  from  the  watery  solution  <>f  the  soaps  by  the  addition  of 

leraJ   acid.     If  a   mixture  of  soaps,   neutral   fats,   and   fatty   acids  is 

■iit.  it  is  treated  itfa  ether 

free  from  alcohol,  whicl  1 9  the  fat  and  fatty  acids,  while  th 

ion,  with  the  exception  of  a  rerj  small  amount  which  m 

irate  the  different  VI  neutral 

Mrh  ify  them  with  alcoholic  po  still 

idiurn  ah  accordi  ukkmi  i.i.ik.  and 

e1    After  the  evapon  biol  they  are  dissolved  in [wi 

b  lugaroflead.    The  lead  oleate  is  then  separi 
'.ead  salts  by  repeated  extraction  with  ether,  bu1  il 
remar  lead  salt  ither  fatty  acids  ■  luble 

ible  in  ether  is  decomposed  on  roe  water-bath 
Boeaa  of  .  evaporated  to  dyness,  finely  puJveri 

Bid  b  i  hoi.    The  al  solution  is  then  \ 

!  by  barium  acetate  or  barium  chloride.     In  one  fraction 
nt  of  barium  i-  detennined,  and  in  the  other  the  melting-point  of 

free    by    a    mineral    arid.     The    fatty    acids    occurring 
in  the  animal  or  fluids  as  free  acids  or  as  maps  are 

barium  salts  and  investigated  as  above.     According  to  Jaecki 
to  isolate  the  fatty  acids  as  silver  salts.    Tluaaaj  iter 

*ko  i  i  more  advisable  i  •  dissolve  the  lead  salts  in  warm  benzene, 

i.ii.  and  to  obtain  the  crystalline  lead  salts  of 
■     cooling. 

«dy  suggested  there  are  other  cbi  eth- 

mpcrtanl  in  iui  g  hit--.     Besides  ascertaining  the  melting- 

t   we  also  determine  the  following:    I.  The  add 

i  measure  of  the  amount  of  fatty  acids  in  a  fat  and  ifl  d<  I  by 

Wooing  the  fat  dissolved  iu  alcob  i-ether  with  Is/10  si  ustic  potash,  using 


1  Zettechr.  f.  physiol.  Cliem.,  11,  15,  and  16. 
'Ibid..  36. 
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phepolpbtfaleui   as    Endi  valmt,    whi 

llKgrami  iif  oaustic  potash  united  with  the  fatti  acuta  in  the  uponifientkm 

tli  N/2  alcoholic  caustic  potash.      3.  Kkicmkkt-Mkissl's    equiva- 
lent, which  gives  the  quantity  of  volatile  fatty  at  id-  contained  in  a  given  amount 
of  neutral  fat  (5  grms. i.    The  fat  is  Mponined,  then  acidified  with  mineral 
inn!  distilled,  whereby  the  volatile  fatty  acids  pass  ore*  Mid  tin-  distillato 

d  with  alkali,     i.  lodtru  tmtivalmt  is  the  quantity  "f  Wine  absorbed  by  a 

of  the  fat  by  addition.    It  is  chiefly  a  measure  of  the  quant 
unsaturated  fatty  acids,  principally  oleic  acid  or  olein  in  the  fat.     other  t> 
BQofa  ai   chohsterin,  may  also  absorb  iodine  or  halogi  n       The   iodine  equiva- 
lent    is  generally  di  according  to    the   method  by   v.    I 

o.  The  aeotyJ  sguiwdtnL  Oxy acids,  alcohols  such  as  cetyl  alcohol  or  cholc- 
and  those  constituents  of  fats  containing  the  OH  group  arc  transformed  int 
Borresponding  acetyl  ester  on  boiling  with  acetic  anh  while  the  fattj 

remain  one  Ad  in  this  way  the  estimation  of  these  bodies  is  possible.    The 

fat  is  saponified,  the  soaps  decomposed  by  an  excess  of  acid,  and  the  mixture 
of    fatty  acids,  oxyfatt\    .  holcstenn,  etc.,  boiled    with    acetic   anh\. 

The  acid  equivalent    is  determined  in  a  weighed  part   of  the  carefully   washed 

aeetit  mixture  by  titration  with  aleohoue  caustic  potash.    This  acid 

equivalent    represents    all    the    acids    (fatty  acids    as  well   as   tl 

and  it  is  designated   ill  <iri*f  equivalent     The  neutral  Quid  is 

now  titrated  with    an  exactly  measured,  sufficient  quantity  of  the  same  alkali 
iieetyl    eoiiij«nn  i    by    boiling.     On    retitrating   WC   find   the 

quantity  of  alkali  Used  in  saponification, and  this  number,  calculated  to  100 parti 
of  the  fat, represents  the  acetyl  equivalent.  In  regard  to  the  performance  of 
the  above-mentioned  different  estimations  we  must  refer  the  reader  to  more  com- 
plete works,  such  n.s  ''Analysis  of  Pate  and  Waxes,"  I{.  Bknedikt,  1897. 

In  the  quantitative  estimation  of  fats  1he  finely  divided  dried  tissues  or 
the  finely  divided  residue  from  an  evaporated  fluid  is  extracted  with  ether, 
alcohol-ether,  benzene,  or  any  other  proper  extraction  medium.  The  investi- 
gations of  Dokmkvkk  '  ami  others,  carried  on  in  1'h.ii.kk's  laboratory, 
have  shown  that  even  With  very  prolonged  BXl  ract  ion  wit}]  ether  all  the  fat 

is  not  extracted.  First  extract  Hm-  greater  part  of  the  fat  by  ether.  Then 
digest  with  pcpsiii-h> rdrochk>ric  acid,  collect  the  insoluble  residue  on  a  Biter, 
dry,  and  extract  With  eiher.  The  fat  is  extracted  from  the  filtrate  by 
shaking  with  ether,  evaporating  the  extract  and  the  fat  separated  from  I 
bodies  by  extracting  the  residue  with  petroleum  ether.  C.likin.5  wh 
tested  the  various  methods,  recommends  as  the  best  the  extraction  with 
boiling  petroleum  ether  and  the  removal  of  the  lecithin  by  acetone,  in 
which  it  is  insoluble. 

The  fats  are  poor  in  oxygen,  but  rich  in  carbon  and  hydrogen.  They 
therefore  represent  a  large  amount  of  chemical  potential  energy,  and  yield 
correspondingly  large  quantities  of  heat  on  combustion.  They  take  first 
rank  amongst  the  foodfl  in  this  regard,  and  are  therefore  of  very  great 
importance  in  animal  life.     We  will  speak  more  in  detail  of  this  signifi- 

1  On  fat  extraction  for  quantitative  estimation  see:   Dormcyur,  Pfluger's  Arch.,  61 

and  65;  Bogdanow,  ibid    88,  88,  and  Du  Bob-Reymond 'a  Arch  .  1897,  149;  N.  Schuli, 

Pfluger's  Arch.,  GO;  VoK  and  Kmnunachi K,  Zeitschr.  f.  Biologie,  So;  0,  Frank,  ibid., 

85;   Polimanti.  Pfluger's  Arch..  70;  J.  Ncrking,  ibid.,  71. 

I   lugex's  Arch  ,  95. 


SPERMACETI,  ETHAL,  AND  BEESWAX.  115 

cance,  also  of  fat  formation  and  the  behavior  of  the  fats  in  the  body  in  the 
following  chapters. 

The  lecithins,  which  stand  in  close  relationship  to  the  fats,  will  be 
treated  in  a  subsequent  chapter.  The  following  bodies  are  related  to  the 
ordinary  animal  fats. 

Spermaceti.  In  the  living  spermaceti  or  white  whale  there  is  found  in  a  large 
cavity  in  the  skull  an  oily  liquid  called  spermaceti,  which  on  cooling  after  death 
separates  into  a  solid  crystalline  part,  ordinarily  called  spermaceti,  and  into  a 
liquid,  spermaceti-oil.  This  last  is  separated  by  pressure.  Spermaceti  is  also 
found  in  other  whales  and  in.  certain  species  of  dolphin. 

The  purified,  solid  spermaceti,  which  is  called  cetin,  is  a  mixture  of  esters  of 
fatty  acids.  The  chief  constituent  is  the  cetyl-palmitic  ester  mixed  with  small 
quantities  of  compound  ethers  of  lauric,  myristic,  and  stearic  acids  with  radicals 
of  the  alcohols,  lethal,  C^H^-OH,  methal,  CuH.wOH,  and  btethal,  C„Hn.OH. 

Cetin  is  a  snow-white  mass  shining  like  mother-of-pearl,  crystallizing  in  plates, 
brittle,  fatty  to  the  touch,  and  which  has  a  varying  melting-point  of  30°  to 
SO9  C,  depending  upon  its  purity.  Cetin  is  insoluble  in  water,  but  dissolves 
easily  in  cold  ether  or  volatile  and  fatty  oils.  It  dissolves  in  boiling-  alcohol, 
but  crystallizes  on  cooling.  It  is  saponified  with  difficulty  by  a  solution  of  caustic 
potash  in  water,  but  with  an  alcoholic  solution  it  saponifies  readily  and  the  above- 
mentioned  alcohols  are  set  free. 

CH, 

Ethal  or  cetyl  alcohol,  CuHM0-(CH^M,  which  also  occurs  in  the  coccygeal 

CH,.OH 
gland  of  ducks  and  geese  (De  Jonge  ')  and  in  smaller  quantities  in  beeswax, 
and  found  by  Ludwig  and  v.  Zeynek  *  in  the  fat  from  dermoid  cysts,  forms  white, 
transparent,  odorless,  and  tasteless  crystals  which  are  insoluble  in  water  but 
dissolve  easily  in  alcohol  and  ether.    Ethal  melts  at  49.5°  C. 

Spermaceti-oil  yields  on  saponification  valerianic  acid,  small  amounts  of 
•olid  fatty  acids,  and  physetoleic  acid.  This  acid,  which  has,  like  hypogeeic 
acid,  the  composition  CjjHjoO,,  occurs  also,  as  found  by  Ljubarsky,'  in  con- 
siderable amounts  in  the  fat  of  the  seal.  It  forms  colorless  and  odorless,  needle- 
shaped  crystals  which  easily  dissolve  in  alcohol  and  ether  and  melt  at  34°  C. 

Beeswax  may  be  treated  here  as  concluding  the  subject  of  fats.  It  con- 
tains three  chief  constituents:  (1)  Cerotic  acid,  C^H^O,,4  which  occurs  as  cetyl 
*ther  in  Chinese  wax  and  as  free  acid  in  ordinary  wax.  It  dissolves  in  boiling 
alcohol  and  separates  as  crystals  on  cooling.  The  cooled  alcoholic  extract  of 
*ax  contains  (2)  cerolein,  which  is  probably  a  mixture  of  several  bodies,  and 
(3)  myricin,  which  forms  the  chief  constituent  of  that  part  of  wax  which  is  in- 
soluble in  warm  or  cold  alcohol.  Myricin  consists  chiefly  of  palmitic-acid  ether 
of  melissyl  (myricyl)  alcohol,  CloH„.OH.  This  alcohol  is  a  silky,  shining,  crys- 
talline body  melting  at  85°  C. 

1  Zeitschr.  f.  physio  I.  Chem.,  3. 
"  Ibid.,  23. 

*  Journ.  f.  prakt.  Chem.  (N.  F.),  57. 

*  See  Henriques,  Ber.  d.  deutsch.  chem.  Gesellsch.,  30,  1415. 


Tin:  ANIMAL  CELL 


'.In- 
ula 
the 


The  cell  is  the  unit  of  the  manifold,  variable  forms  of  the  orgai 
forms  the  simplest  physiological  apparatus,  anil  as  such  is-  the  seat  of  chem- 
ical processes.     It  is  generally  admitted  that  all   chemical   processes  of 
importance  do  not  take  place  in  the  animal  fluids,  but  transpire  i 
cells,  which  may  be  considered  as  the  chemical  laboratory  of  the  organism. 
I  iiipally  the  cells  which,  through  their  greater  or  less  activity, 

regulate  or  govern  the  range  of  the  chemical  processes  and  also  the 
intensity  of  the  total  exchange  "f  material. 

It  is  natural  that  the  chemical  investigation  of  the  animal  cell  sho' 
in  most  cases  coincide  with  the  stn.lv  of  those  tissues  of  which  it  forms 
chief  constituent.     Only  in  a  few  cases  can  the  cells,  by  relate  >le 

manipulations,  he  directly  isolated  in  a  rather  pure  state  from  the  :i       . 

i  example,  In  the  investigation  of  pus  or  of  tissues  very  rich  in  C 
But  even  in  these  cases  ical  in\  o  may  not  lead  to  any 

positive  results  in  regard  to  the  constituents  of  the  uninjured  living  cells. 
By  the  process  of  chemical  transformation  now  substances  may  be  formed 
on  the  death  of  the  cell,  and  at  the  same  time  p)  :ts 

of  the  cell  may  be  destroyed  or  transported  into  the  surrounding  medium 
and  re  escape  investigation.     For  this  utd  other  leasons  we  possess 

only  a  very  limited  knowledge  of  the  an  and  the  composition 

of  th  iDy  of  t>: 

While  young  cells  of  different  origin  in  the  early  period  of  their  exist- 
ence may  show  a  certain  similarity  in  regard  to  form  and  chemical  coi 
posit  i  .  on  further  development,  not  only  tak.  si  varied 

forms,  but  may  also  offer  from  a  chemical  standpoint  the  greatest  diversity* 
As  a  description  of  the  constituents  and  composition  of  the  different  cells 

urring  in  the  animal  organism  is  nearly  equivalent  to  a  demonstration 

chemical  properties  of  most  animal  tissues,  and  as  this  exposition 

will  be  found  Tesponding  chapters,  we  will  here  only  discuss  the 

chemical  con-  of  the  young  cells  or  cells  in  general 

In  "f  these  constituents  we  are  confronted  with  ano 

difficulty,  namely,  we  must  differentiate  by  chemical  research  be 
those  constituents  which  are  essentially  necessary  for  the  life  of  th 

116 


CELL  PROTOPLASM. 


117 


and  those  which  are  casual,  i.e.,  stored  up  as  reserve  material  or  as  meta- 
bolic i  In  this  connection  we  have  only  been  able,  thus  far,  to- 
l«m  of  certain  substances  which  seem  to  occur  in  every  developing  cell, 
bodies,  called  primaky  by  Kos>ki,,'  are,  besides  water  and  certain 
mineral  constituents,  proteids,  nueleoproiri.l.s  or  nucleins,  lecithins, 
pyrogen  (?),  and  ci  a  bodies  which  do  not  occur  in  every 
developins  cell  arc  called  secondary.  Amongst  these  W8  have  fat. 
Ul.  I'  mu-t  not  be  forgotten  tliat.it  is  still  possible 
that  other  primary  cell  constituents  may  exist,  but  unknown  to  us,  ami 
is  also  do  not  know  whether  all  the  primary  constituents  of  the  cell  are 
necessary  or  essential  for  the  life  and  functions  of  the  same. 

r  important  question  is  the  ilivision  of  the  various  cell  const  it- 

the  two  morphological  components  of  the  cell,  namely,  the 

|  lasm  and  the  nucleus.     This  Is  very  difficult  to  decide  for  many  of 

tic  constituent  iheless  it  is  appropriate  to  differentiate  between  the 

protoplasm  and  the  nucleus. 

The  Protoplasm  of  the  developing  cell  consists  during  life  of  a  semi- 
solid mass,  contractile  under  certain  conditions  and  readily  changeable, 
*tich  is  rich  in  water  and  whose  chief  portion  consist-?  of  protein  substances, 
if  colloids.  If  the  cell  be  deprived  of  the  physiological  conditions  of 
Kfe,  or  if  exposed  to  destructive  exterior  influSDOBBj  Mich  BS  the  action  of 
h%h  temperatures,  of  chemical  agents,  the  protoplasn  The  proteid 

bodies  which  it  contains  coagulate  at  least  partially,  and  other  chemi-  :il 
changes  are  found  to  take  pleas.     The  alkaline  reaction  (litmus)  of  the 
.11  may  become  acid  by  the  appearance  of  parala«  and  the 

carbohydrate,  glycogen,  which  habitually  occurs  in  the  young  growing  cellr 
may  a  death  be  quickly  changed  and  consumed. 

;m.ii  as  to  the  internal  structure  of  the  protoplasm  [fl  still  in 
1         of  little  importance  in  the  Btudy  of  the  chemical  can 

tudy.  es[«rially  by  chemical  means, 
•he  morphologically  different  constituents  of  the  protoplasm.  With 
exception  of  a  few  microchemical  reactions  the  chemical  analysis  has  lieen 
fwtricted  to  the  protoplasm  as  such,  and  the  Investigations  have  been 
'lirected  in  the  first  place  to  the  protein  substances  which  Form  the  chief 
n  protoplasm. 
The  proteids  of  the  protoplasm  consist,  according  to  the  older  general 
\"ie»,  chiefly  of  globulins.     Albuminsh&ve  a!:-<  und  besides  the  gl> 

Gas.    There  is  no  doubt  at  present  that  the  albumins  occur  in  the  cells  only 
« traces,  or  at  least  only  in  trifling  quantities.    The  presence  of  globu 
can  hardly  be  disputed,  although  certain  cell  constituents  described  as 
globulins  have  been  shown  on  closer  investigation  to  be  nucleoalbumins  or 
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micleoproteids.     According  to  Halliburton  l  the  proteid  occurring 
cells  and  coagulating  at  47°-50°  C.  is  a  true  globulin. 

In  opposition  to -the  view  that  the  chief  mass  of  the  animal  cell  coi 
of  true  prot.cids.  Hammaustkn  :  expressed  the  opinion  several  yeare  ago  that 
the  chief  mass  of  the  protein  substances  of  the  cells  does  not  con>i 
proteid*  in  the  ordinar.  souse,  but  Qansbtfl  of  more  complex  phosphorized 
bodies,  and  that  the  globulins  and  albumins  are  to  be  considered  as  nutri- 
uv«-  material  for  the  QQUfl  or  as  destructive  products  in  the  chemical  trans- 
formation of  the  protoplasm.  This  view  has  received  substantial  support 
by  investigations  within  the  last  few  years.  Alkx.  BcBHTDT  '  ha> 
the  view,  by  investigations  on  various  kinds  of  cells,  that  they  contain 
only  very  little  proteid,  and  that  the  chief  mass  consists  of  very  complex 
protein    substances. 

The  protein  substances  of  the  cells  consist  chiefly  of  compound  proteids, 
and  these  are  divided  between  the  glueoproteid  and  the  nucleopi 
groups.  It  is  impossible  at  present  to  state  to  what  extent  nucleoalbumins 
in  the  cells  because  thus  far  in  most  cases  no  exact  difference  has  been 
made  between  them  and  the  nucleoproteii-.  BoFPB-SXTLBB  '  calls  vitcllin 
a  regular  constituent  of  all  protoplasm.  This  body  used  to  be  considered 
as  a  globulin,  but  later  researches  have  shown  that  the  so-called  vitellin 
bodies  may  be  of  various  kinds.    Certain  vitellins  seem  to  be  nucleoalbu- 

and  it  is  therefore  very  probable  that  cells  habitually  contain  n\ 
albumins. 

nuclcoproteids  take  a  very  prominent  place  among  the  compot 
protcids  oi  the  i  ell.  The  various  substances  isolated  by  different  investiga- 
tors from  animal  cells,  such  as  ti&sw-fibrinogcn  (Wooldridoe),  cytoglobin 
and  prtiglobulin  (Ai.kx.  Schmidt),  or  nucleohiston  (Kossel  and  Liliex- 
feld  *),  belong  to  this  group.  The  cell  constituent  which  swells  up  to  a 
v  mass  with  common  salt  solution  and  called  Rovida's  hyaline  sub- 
stance also  belongs  to  this  group. 

The  above-i  I  I  protein  substances  have  only  been  simply 

designated  as  constituents  of  the  cells.    The  next  question  is  which  of  these 

belong  to  the  protoplasm  and  which  to  the  nucleus.    At  present  we  can 

i «o  positive  answer  to  this  quest  ion.  Bag  to  XoQBKL  and  Lll 

."  the  cell-nucleus  of  the  leucocytes  of  the  thymus  gland  contains  a 


.hurton.  On  tiV  Chemical  Physiology  of  the  Animal  Cell,  1893. 
<*ge  Physiol.  Laboratory. 
•sArch..ae. 
»  Alrx   Schtm.it,  Zur  Lllutlehre.     Leipzig,  1808. 
\rsiaL  Chem.,  1877-1  SSI.  76. 

Wool  dri.lsf.  Die  Orinnung  das  Blutes.      Leipzig,  1891 ;    A.  Schmidt, 
Iphre;   Ijlimfrld.  Zeitsehr   f    phywaL  Chem..  18. 

■fluki l  der  ZeUelemcnte  ru  gcwLwen  Farhfltaffen       Ver- 
L  1  Ul   lU-rlin.  No.  11,  1893. 
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nudeoproteid  as  chief  constituent,  besides  nuclcins,  and  sometimes  perhaps 
aho  nucleic  acid  (see  below),  while  the  body  of  the  cells  contains  chiefly 
pure  proteids  besides  other  substances,  and  only  &  nucleoproteid,  con- 
taining a  very  small  quantity  of  phosphorus.  As  the  lymphocytes  of  the 
thymus  gland  of  the  calf  contain  only  one  nucleus,  in  which  (lie  mass  of 
IS  surpasses  that  of  (he  cytoplasm,  it  is  natural  that  the  relative 
proportion  of  the  various  protein  substances  in  these  cells  cannot  be  taken 
i-  a  standard  for  the  composition  of  other  cells  richer  in  cytoplasm. 

nplete  investigations  in  regard  to  the  distribution  of  protein  sob" 
Manets  in  the  protoplsfilfl  and  nucleus  of  other  cells  liave  not  been  made. 
If  we  consider  for  the  present  that  the  cells  rich  in  protoplasm  contain 
*  rule,  only  very  ]itt  .«•  (3U0  proteid,  wo  are  hardly  wrong  in  considering  it 
probable  that  the  protoplasm  contains  chiefly  nueleoalbumins  and  compound 
:•  besides  traces  of  albumin  and  a  little  globulin.  These  compound 
n  certain  cases  glucoproteids,  but  otherwise  nucleoproteid -. 
»hich  differ  from  the  nucleoproteids  of  the  nucleus  in  being  poorer  in 
phosphorus,  besides  containing  a  great  deal  of  proteid  and  only  less  of  the 
pnxtetic  group,  and  hence  have  no  specially  pronounced  acid  character. 

The  nucleoproteids  of  the  nucleus  are  on  the  contrary,  as  shown  by 
UuBTFBLD  and  KofiBSL,  rich  in  phosphorus  and  of  a  strongly  acid  chani.  - 
l*r.  These  nucleoproteids  will  be  treated  in  speaking  of  the  nucleic  acids 
•jf  the  nucl» 

In  cases  in  which  the  protoplasm  is  surrounded  by  an  outer,  condensed 
layer  or  a  cell  membrane,  this  envelope  seems  to  consist  of  albumoid  Bob* 
Winces.  In  a  few  cases  these  substances  seem  to  be  closely  related  to 
diatin;  in  other  cases,  on  the  contrary,  they  seem  rather  to  belong  to  the 
kwutin  group.  Even  in  cells  which  do  not  seem  to  have  any  visible  special 
■fSBJ  forming  boundaries,  we  still  admit  of  such  layers  on  account  of  the 
r  of  the  cells  as  regards  permeability. 

NsBNSI '  has  shown  b}r  a  special  experiment  that  the  permeability  of  a 

Rnbrane  for  a  certain  substance  is  essentially  dependent  upon  the  sol- 
t  j>ower  of  the  membrane  for  the  said  substance.  This  point,  which 
a  of  the  greatest  importance  in  the  study  of  osmotic  phenomena  in  living 
«Us,  has  been  specially  investigated  by  0\  I  The  behavior  of  the 

cells  towards  dyestuffs,  also   the   ready  introduction  into   animal 
and  plant  protoplasm   of  such   bodies  as  are  insoluble  or  only  slightly 
le  in  water  but  readily  soluble  in  fats  or   fat-like  bodies    has    ltd 
(0  conclude  that  the  protoplasm-boundary  layer  behaves  like  a 
substance  layer  whose  solvent  power  is  closely  related  to  the  fatty  oik. 
According  to  this  investigator,  the  protoplasm-boundary  layer  is  probably 


'Zeitochr.  f.  physikol  Chan.,  «. 

'  Viertdjfthrsschr.  d.  Naturf.  Ges.  in  Zurich,  44  (1899),  and  Overton,  Stud  ion  ulxsr 
die  Narkose,  Jena,  1901. 
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impregnated  with  lipoids,  i.e.,  with  lecithins,  cholesterin,  and  bodies  similai 
to  protagon,  and  among  which  lecithin,  which  also  takes  up  water,  must 
be  of  the  greatest  importance. 

The  cholesterins  and  the  protagons  will  be  best  treated  in  another 
connection  (see  Chapters  VIII  and  XII).  We  will  only  discuss  here  the 
lecithin  which  is  present  in  every  cell. 

Lecithins.  These  bodies  are  ester  compounds l  of  glycerophosphoric  acid 
substituted  by  two  fatty-acid  radicals  with  a  base  called  choline.  Accord- 
ing to  the  kind  of  fatty  acid  contained  in  the  lecithin  molecule  it  is  possible 
to  have  various  lecithins,  such  as  stearyl-,  palmityl-,  and  oleyl-lecithins. 
According  to  Thudichum  3  two  different  fatty  acids  may  exist  simultane- 
ously in  one  lecithin,  and  according  to  him  every  true  lecithin  always  con- 
tains at  least  one  oleic-acid  radical.*  All  lecithins  are  mono-nitrogenous 
mono-phosphatides,  which  contain  1  atom  of  nitrogen  for  every  atom  of 
phosphorus.  As  an  example  of  a  lecithin  we  give  the  one  closely  studied 
by  Hoppe-Seyler  and  Diaconow,'  called  distearyl-lecithin,  C^H^NPO,— 

CH,— 0-C18HnO 

CH  — O— CMHM0 

CH,— 0\ 
HO-)PO. 

N^(CH,), 
X)H 

On  saponification  with  alkalies  or  baryta-water  lecithin  yields  fatty 
acids,  glycerophosphoric  acid,  and  choline.  It  is  only  slowly  decomposed 
by  dilute  acids.  Besides  small  quantities  of  glycerophosphoric  acid  (per- 
haps also  distearylglycerophosphoric  acid)  we  have  large  quantities  of  free 

phosphoric  acid  split  off. 

CH,.OH 

Glycerophosphoric  acid,  C3HBPO,  -CPI.OH  ,is  abibasic  acid  which  proba- 


ch2—  0 

OH 
OH 


OH^J 


:-^po 

[/ 

bly  onlv  occurs  in  the  animal  fluids  and  tissues  as  a  cleavage  product  of  lecithins. 

/CH..CH2(OH) 
Choline  (trimethyloxyethylammonium  hydroxide),  CH,6NO,  -  N—  (CH.)., 

\OH 
which  occurs  extensively  in  the  plant  kingdom,  is  not  identical  with  the  base, 
neurin,  prepared    by  Liebreich  as  a  decomposition  product  from  the  brain, 

1  Strecker,  Annul,  d.  Chem.  u.  Pharm.,  148;  Hundeshagen,  Journ.  f.  prakt.  Chem. 
(S.  F.),  28;  Gilaon,  Zeitschr.  f.  physiol.  Chem.,  12. 

1  J.  L.  W.  Thudichum,  Die  chemische  Konstitution  dea  Gehirns  des  Menachen,  etc. 
Tubingen,  1901. 

'See  Henriques  and  Hansen,  Skan.  Arch.  f.  Physiol.,  14. 

*  Hoppe-Seyler,  Med.  chem.  Untersuch.,  Heft  2  and  3. 
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Thirh  red  as  trimethy  I  vinyl  ammonium  hxdroxide,  C.lln\(>.     CfooHiu 

biA  ly  misdble  with  absolute  aleohol.    Hyorocokvic  add  gives  a 

rtOiWnutinn  which  is  very  soluble  in  water  and  alcohol,  but  insoluble  in  <  i 
cbliiroform,  and  benzene.     This  compound  forms  a  doublr  «  ninbiiiation  with  plati- 
num chloride  which  is  soluble  in  wntor,  baoluble  in  absolute  lio  bol  md  ether, 
Duong  ordinarily  in  six-aided  orange-colored  plates.     This  combination  i» 
BM  in  tli'  D  and  identification  of  this  base.     Choline  also  forms  a  erya- 

Ulioe  double  combination  with  mercuric  chloride  and  with  mid  chloride' 
beating  the   free  base  it  decomposes  into   trirnithvlaniinf,  ethylene  oxide,  and 
•iter, 


Lecithin  occurs,  as  HOPPB-SSTUBB  J  has  especially  shown,  widely  diffused 
in  the  vegetable  and  animal  kingdoms.     According  to  this  investigator,  it 
also  in  many  cases  in  loose  combination  with  other  bodies,  such  as 
iglobin,  and  others.    Lecithin,  aeoordisg  bo  HbffNfr-fizYi 

id  in  nearly  all  animal  an  I  t&Ufl  far  studied,  and  also 

in  nearly  all  animal  fluids  It  \<  .specially  abundant  in  the  brain,  nerves, 
fab-eggs,  yolk  of  the  egg,  electrical  organs  of  the  Torpedo  thdricus,  semen, 
•nd  pus,  and  uko  in  the  BWSCks  and  blood -corpuscles,  blood-plasnia,  lymph, 
milk,  especially  woman's  milk,  and  bile.  Lecithin  is  also  found  in  differ- 
ent pathological  tissues  or  liquids. 

This  wide  distribution  of  the  lecithins,  as  also  the  fact  that  it  is  a 
primary  cell  constituent,  gives  great  physiological  importance  to  these 
substances.  We  have  in  lecithin,  no  doubt,  a  very  important  material  for 
tne building  up  of  the  complicated  pfaoqahonsad  nuclein  substances  of  the 
cell  and  cell  nucleus.  That  the  lecithins  are  of  great  importance  in  the 
-pment  and  growth  of  living  organisms,  in  fact  for  the  bioplastic 
processes  in  general,  follows  also  from  several  investigations.3 

Lecithin  may  be  obtained  in  grains  or  warty  masses  composed  of  small 

crystalline  plates  by  strongly  cooling  its  solution  in  s\  iobol.    Is  the 

dry  state  it  has  a  waxy  appearance,  is  plastic  and  soluble  in 

cWry  on  heating  (to  40-50°  C);    it  Is  less  soluble  in  ether.     It  i.s  dissolved 

•Iso  by  chloroform,  carbon  disulphi>  and  fatty  oils.    The  solu- 

l  ithin  in  alcohol-ether  or  chloroform  is  precipitated  by  acetone. 

It  swells  in  water  to  a  pasty  mass  which  shows  under  the  microscope  slimy, 

irops  and  threads,  so-called  myelin  forms  (see  Chapter  Xll).     On 

farming  this  swollen  mass  or  the  concentrated  alcoholic  solution,  decom- 

h  the  production  of  a  brown  color.    On  allowing  the 

Wuticn  or  the  swollen  mass  to  stand,  decomposition  takes  place  and  the 

n  becomes  acid. 


'In  regard  to  choline  and    its  compounds    see  Gulewitsch,  Zeitschr.  f.   pbjrioL 

Die.     Berlin,  1877-1881,  57. 
-toklaan,  Her.  d.  doutech.  chem.  GeseUach.,  29;    WU  rsbcr.,  104; 

Z«itKhr.  f.  phvaioi.  Chem.,  26;  and  W.  Danielewnky,  Comp.  rend.,  121  and  123,  and 
W.Koch,  Zeitechr.  f.  physiol.  Chem.,  37. 
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With  considerable  water,  lecithin  gives  an  emulsion  or  indeed  a  filter- 
able colloidal  solution,  which  is  precipitated  by  salts  with  divalent  cations, 
such  as  Ca,  Mg,  and  others  (W.  Koch).  This  precipitate  dissolves  again 
in  water  after  the  removal  from  the  solution  of  the  electrolytes,  and  the 
formation  of  this  precipitate  can  be  prevented  by  the  presence  of  salts  of 
monovalent  cations. 

We  are  here  not  dealing  with  a  chemical  but  rather  a  physical  pre- 
cipitation reaction  (Koch  *).  In  putrefaction  lecithin  yields  glycerophos- 
phoric  acid  and  choline;  the  latter  further  decomposes  with  the  forma- 
tion of  methylamine,  ammonia,  carbon  dioxide,  and  marsh-gas  (Hase- 
broek  *) .  If  dry  lecithin  be  heated  it  decomposes,  takes  fire  and  burns, 
leaving  a  phosphorized  ash.  On  fusing  with  caustic  alkali  and  saltpeter 
it  yields  alkali  phosphates.  Lecithin  is  easily  carried  down  during  the 
precipitation  of  other  compounds  such  as  the  proteid  bodies,  and  may 
therefore  very  greatly  change  the  solubilities  of  the  latter. 

Lecithin  combines  with  acids  and  bases.  The  combination  with  hydro- 
chloric acid  gives  with  platinum  chloride  a  double  salt  which  is  insoluble 
in  alcohol,  soluble  in  ether,  and  which  contains  10.2  per  cent  platinum 
(for  distearyllecithin).  The  cadmium-chloride  compound  which  contains  3 
molecules  of  lecithin  and  4  molecules  of  cadmium  chloride  (UlpiaKi  ") 
is  difficultly  soluble  in  alcohol,  but  dissolves  in  a  mixture  of  carbon  disul- 
phide  and  ether  or  alcohol. 

It  may  be  prepared  tolerably  pure  from  the  yolk  of  the  hen's  egg  by  the 
following  methods,  as  Suggested  by  Hoppe-Seyler  and  Diaconow.  The 
yolk,  deprived  of  proteid,  is  extracted  with  cold  ether  until  all  the  yellow 
color  is  removed.  Then  the  residue  is  extracted  with  alcohol  at  50-^60°  C. 
After  the  evaporation  of  the  alcoholic  extract  at  50-60°  C,  the  sirupy 
matter  is  treated  with  ether  and  the  insoluble  residue  dissolved  in  as  little 
alcohol  as  possible.  On  cooling  this  filtered  alcoholic  solution  to  —5°  to 
— 10°  C.  the  lecithin  gradually  separates  in  small  granules.  The  ether, 
however,  contains  considerable  of  the  lecithin.  The  ether  is  distilled  off 
and  the  residue  dissolved  in  chloroform  and  the  lecithin  precipitated  from 
this  solution  by  means  of  acetone  (Altmann). 

According  to  Gilson,4  a  new  portion  of  lecithin  may  be  obtained  from 
the  ether  used  in  extracting  the  yolk  by  dissolving  the  residue  after  the 
evaporation  of  the  ether  in  petroleum  ether  and  then  shaking  this  solu- 
tion with  alcohol.  The  petroleum-ether  takes  the  fat,  while  the  lecithin 
remains  dissolved  in  the  alcohol  and  may  be  obtained  therefrom  rather 
easily  by  using  the  proper  precautions,  as  described  in  the  original  publi-t 
cation. 

1  Zeitschr.  f.  physiol.  Chem.,  37. 
'Ibid.,  12. 

1  Chem.  Centralbl.,  1901,  II,  30  and  193. 

*  Altmann,  cited  from  Hoppe-Seyler-Thierf  elder's  Handbuch,  7.  Auflage;  Gilson, 
Aid. 
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Zuelzer's  method  is  based  upon  the  precipitability  of  the  lecithin  by 
acetone,  and  Bergell's1  method  upon  the  preparation  of  the  double 
salt  of  cadmium  and  its  decomposition  by  ammonium  carbonate.  The 
preparations  obtained  by  the  different  methods  consists  generally  of  a 
mixture  of  lecithins. 

The  detection  and  the  quantitative  estimation  of  lecithin  in  animal 
fluids  or  tissues  is  based  on  the  solubility  of  the  lecithin  (at  50-60°  C.)  in 
alcohol-ether,  by  which  the  phosphoric  acid  or  glycerophosphoric  acid 
salts  which  may  be  present  at  the  same  time  are  not  dissolved.  The 
alcohol-ether  extract  is  evaporated,  the  residue  dried  and  fused  with  soda 
and  saltpeter.  Phosphoric  acid  is  formed  from  the  lecithin,  and  it  can  be 
used  in  the  detection  and  quantitative  estimation.  The  distearyllecithin 
yields  8.798  per  cent  Pa06.  This  method  is,  however,  -not  exactly  correct, 
for  it  is  possible  that  other  phosphorized  organic  combinations,  such  as 
jecorin  (see  Chapter  VIII)  and  protagon  (Chapter  XII)  may  have  passed 
into  the  alcohol-ether  extract.  In  detecting  lecithin  the  double  combina- 
tion of  choline  and  platinum  must  also  be  prepared.  The  residue  of  the 
evaporated  alcohol-ether  extract  may  be  boiled  for  an  hour  with  baryta- 
water,  filtered,  the  excess  of  barium  precipitated  with  CO,,  and  filtered 
while  hot.  The  filtrate  is  concentrated  to  a  sirupy  consistency,  extracted 
with  absolute  alcohol,  and  the  filtrate  precipitated  with  an  alcoholic  solu- 
tion of  platinum  chloride.  The  precipitate  after  filtration  may  be  dissolved 
in  water  and  allowed  to  crystallize  over  sulphuric  acid. 

Protagons,  which  are  found  in  the  leucocytes  and  pus-cells,  are  also  to 
be  considered  as  a  constituent  of  protoplasm.  These  phosphorized  bodies 
occur  principally  in  the  brain  and  nerves,  and  hence  will  be  described  in  a 
following  chapter  (XII). 

Glycogen,  first  discovered  by  Cl.  Bernard,  is  found  in  developing 
animal  cells  and  especially  in  developing  embryonic  tissues.  According 
to  Hoppe-Seyler  it  seems  to  be  a  never-failing  constituent  of  the  cells 
which  show  amoeboid  movement,  and  he  found  this  carbohydrate  in  the 
leucocytes,  but  not  in  the  developed  motionless  pus-corpuscles.  Salomon 
and  afterwards  others  have,  however,  found  glycogen  in  pus.'  From  the 
relationship  which  seems  to  exist  between  glycogen  and  muscular  work  (see 
Chapter  XI),  it  is  presumable  that  a  consumption  of  glycogen  takes  place 
in  the  movement  of  animal  protoplasm.  On  the  other  hand,  the  extensive 
occurrence  of  glycogen  in  embryonic  tissues,  as  also  its  occurrence  in  patho- 
logical tumors  and  in  abundant  cell  formation,  speaks  for  the  importance 
°f  this  body  in  the  formation  and  development  of  the  cell. 

In  adult  animals  glycogen  occurs  as  stored  foodstuff  in  the  muscles  and 
certain  other  organs,  but  principally  in  the  liver;  therefore  it  will  be  com- 
pletely described  in  connection  with  this  organ  (Chapter  VIII). 

Another  body,  or  perhaps  more  correctly  a  group  of  bodies  which  occur 


1  Zuelzer,  Zeitschr.  f.  physiol.  Chem.,  27,  and  Bergell,  Ber.  d.  <L  chem.  Gesellach.,  83. 
1  In  regard  to  the  literature  on  glycogen  see  Chap.  VIII. 
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widely  distributed  in  the  animal  and  vegetable  kingdoms,  and  which  arc 
present  regularly  in  the  cells,  are  the  cholesterins.  The  best-known  repre- 
sentative of  this  group  is  ordinary  cholcsterin  (see  Chapter  VIII),  which  is 
tin-  chief  constituent  Of  certain  biliary  calculi  and  exists  in  abundant  quan- 
tities in  the  brain  and  nerves.  It  is  hardly  admissible  I  body  is  of 
direct  importance  for  the  life  and  development  of  the  cell.  It  must  be 
considered  that  the  eholesterin,  as  accepted  by  HoPPB-SbTLBB,1  h  a  cleavage 
product  appearing  in  the  cell  during  the  processes  of  life,  but  this  docs  not 
exclude  the  possibility  that  the  cholcsterin,  as  a  constituent  of  the  lipoids  of 
the  protoplasm-boundary  layers  (Overton),  may  be  of  indirect  importance 
in  eel-fife.  According  to  Hupi-k.-Skyler  the  same  is  true  for  the  fats, 
which  do  not  occur  constantly  in  the  cells  and  have  nothing  to  do  in  the 
ordinary  processes  of  life.  There  is  no  doubt  that  eholesterin  exists  as  a 
constituent  of  the  protoplasm,  but  its  existence  in  the  nucleus  is  question- 
able. The  intrucUuItir  enzymes  are  undoubtedly  constituents  of  the 
protoplasm  as  well  as  the  nucleus  and  must  be  of  the  greatest  importance 
for  the  life,  and  functions  of  the  cells. 

The  cell  nucleus  has  a  rather  complex  structure.  It  consists  in  part  of 
fibrilcs  which  form  a  network  and  another  part  which  is  less  solid  and 
homogeneous.  The  first  differs  from  the  second  in  possessing  a  stronger 
affinity  for  many  dyes.  On  account  of  this  behavior  the  first  is  called  tin 
chrom&tu  rahetftDOe  or  chromatin,  and  the  other  the  achromatic  substance 
or  achromaiin. 

The  homogeneous  substance  of  the  nucleus  is  considered  as  a  mixture 
of  proteid.  The  network  seems  to  contain  the  more  specific  constituent 
of  the  naoleUBj  namely,  the  nuclein  substances.  Besides  this  it  is  alleged 
to  contain  another  whetf  y>l>i.<tin.     This  last  is  less  soluble  than 

the  nuclein  substances  and  docs  not  have  the  property,  like  them,  of  fixing 
dyes. 

The    chief    constituents    of    the    cell  nucleus    are   the  nucleoproteids 
and  in  certain  cases  the  nucleic  acid*. 

Nucleoproteids.  The  most  important  of  these  bodies  have  already 
been  discussed  in  a  previous  chapter  (II,  page  56).  These  bodies  are 
strong  or  loose  combinations  of  nucleic  acids  with  proteid.  To  the  latter 
belongs  histon  in  certain  cases,  and  the  compounds  between  nucleic  acids 
and  protarains  should  also  perhaps  be  called  nucleoproteids.  There  is  a 
difference  among  the  nucleoproteids  dependent  on  the  various  proteid 
complexes  as  well  as  upon  the  nucleic  acids.  They  contain  generally  con- 
siderable proteid  in  the  molecule,  hence  they  give  the  ordinary  proteid 
reactions,  and  therefore  are  closely  related  to  the  proteid  bodies.  The 
nucloproteids  occurring  in  the  cell  nucleus  seem  to  be  characterized  by 
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eoctaining  a  relative  large  amount  of  phosphorus  and  a  pronounced  acid 
character. 

In  the  preceding  discussion  of  the  nucleoproteids  attention  was  called  to 
the  fact  that,  I  modification  by  heat,  by  weak  acid  action,  and  by 

peptic  digestion,  proteid  is  split  off  and  a  nucleoproteid  richer  in  phosphorus 
rned.    These  compound  proteids,  rich  in  nucleic  acid.  I    by 

peptic  digestion  from  cells,  cell-rich  organs,  or  nucleoproteids  have  been 
tailed  nuclein  (Miescher,  Hoppe-Seyeer  ')  or  true  nucleins.  But  as  the 
true  nuclein  seems  to  be  nothing  but  a  modified  nuelcoprotcid  poor  in  pro- 
tril.it  scerHS  unnccos.irv  (■•  JIVS  the  name  mirli  in  thereto*  <  lo  1 1 1 •  -  other 
band,  the  nucleins  have  other  properties  than  the  nucleoproteids,  and  as 
the  nucleins  bear  the  same  relationship  to  the  nucleoproteids  that 
paeudonuclein  does  to  the  nucleoalbumins,  we  will  give  here  a  short  de- 
Kription  of  the  nucleins  as  well  as  the  peetxdo-Ol  para-nurleins. 

Nucleins  or  true  nucleins  are  formed,  as  above  stated,  from  nucleopro- 
teids in  their  peptic  digestion  or  by  treatment  with  dilute  acuta.     It  must 
be  remarked  that  the  nucleins  arc  not  entirety  resistant  towards  gastric 
and  also  that  at  least  one   nucleoproteid,  namely,  the  one  obtained 
from  the  pancreas,  completely  dissolves,  leaving  no  nud>  on 

tnatment  with  gastric  juic  I  n,  -Mii.hoy  *).     The  nucleins  are  rich 

in  phosphorus  containing  in  the  neighborhood  of  5  per  rent.     Arconli: 
Ijiberuaxn  3  mctaphosphoric  acid  can  be  split  off  from  true  nucleins  ( . 
tuiclein).     The  nucleins  are  decomposed  into  proTeid  and  nucleic  acid  by 
caustic  alkali,  and  as  different  nucleic  acids  exist,  so  also  there  exist  differ- 

previously  stated,  proteids  may  be  precipitated  in 
solutions  by  nucleic  acids,  and  in  this  way,  as  shown  by  Mm.kov.  combina- 
tions of  nucleic  acid  and  proteids  may  be  prepared  which  behave  quite 
similar  to  true  nucleins.  All  nucleins  yield  so-called  nuclein  bases  on 
Ming  with  dilute  acids.  The  nucleins  contain  iron  to  a  considerable 
extent.    They  act  like  rather  strong  acids. 

The  nucleins  are  colorless,  amorphous,  insoluble,  or  only  slightly  soluble 
in  water.  They  are  insoluble  in  alcohol  and  ether.  They  arc  more  Of  less 
readily  dissolved  by  dilute  alkalies.  The  nucleins  give  the  biuret  test 
Mi:,los's  reaction.  They  show  a  great  affinity  for  many  dyes,  especially 
the  basic  ones,  and  take  these  up  with  avidity  from  watery  or  alcoholic  solu- 
tions. On  boning  they  yield  an  acid  residue  which  is  very  difficult  to 
incinerate  and  which  contains  metaphosphoric  acid.  On  fusion  with 
peter  and  soda  the  nucleins  yield  alkali  phosphates. 

To  prepare  nucleins  From  cells  or  tissues,  first  remove  the  chief  mass  of 
proteids  by  artificial  digestion  with  pepsin-hydrocholric  acid,  lixiviate  the 

1  Hoppe-Seyler,  Med.  chcui.  I'utereuch.,  -J".-'. 

1 1'raber,  Zeitschr.  f.  klin.  Med.,  43;  Milroy,  Zcitechr.  f.  physioL  Chein 

•Pfluger'a  Arch.,  47. 
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residue  with  very  dilate  ammonia,  filter,  and  precipitate  with  hydrochloric 

acid.     The  precipitate  is  further  digested  with  gastric  juice,  washed  and 

purified     Ijy    alternately    dissolving    in    very    faintly    alkaline    water    and 

reprecipilating  with  art  acid,  washing  with  water.  and  mating  with  alcohnl- 

leiri   may    be   prepared   more   Simply    by    the  digestion  of  a 

oproteid.      In   the  detection  of  nucleins  we  make  use  of  the  abOTO- 

ribed  method  sod  testing  for  phosphorus  in  the  product  after  t\ 

with  seltpeter  and  soda.     Naturally  tin-  phosphates,  lecithins  (and  jecorin) 

Bn1  be  removed  by  treatment  with  acid,  alcohol,  and  ether,  ii 

We  must  call  attention  to  the  fact,  as  shown  by  Lobubv 

MAW,'  of  the  very  great  difficulty  in  removing  lecithin  by  means  of  nlcohol- 

ether,     No  •  ■•<\<t   methods  are  known  for  the  quantitative  estimation  of 
nucleins  in  organs  or  tissues. 

Pseudonucleins  or  Paranuclei  ns.    These  bodies  arc  obtained  as  an 

i'ole  residue  on  the  digestion  of  certain  nucleoalbumin-  or  phosphoghi- 
rippn.u •id-  frith  pepsin-hydrochloric  arid.  Attention  is  called  to  the  fact 
that  the  pseudonuclcin  may  be  dissolved  by  the  uf  too  much 

or  by   a   too  energetic   peptic   digestion.     If  the  relatiunslup   between   the 
degree  of  acidity  and   the  quantity  of  substance  is  not  properly  selected, 

rmation  of  p  may  be  entirely  overlooked  in  the  digestion 

Of   < .  rtain   nuclcoalbumins.     IVudonucleins   contain   phosphorus,    which, 

town  by  Liehermann,1  is  split  off  as  metaphosphoric  acid  by  mineral 

. 
The  pseudonucleins  are  amorphous  bodies  insoluble  in  water,  alcohol, 
and  ether,  but  readily  soluble  in  dilute  alkalies.  They  are  not  Soluble  i-'i 
very  dilute  acids,  and  may  be  precipitated  from  their  solution  in  dilute 
alkalies  by  adding  acid.  They  give  the  proteld  reactions  very  strongly,  but 
do  not  yield  rmoltin  bases. 

In  preparing  a  pseudonuclcin,  dissolve  the  mother-substance  in  hydro- 
chloric acid  of  1-2  p.  m.,  filter  if  necessary,  add  pepsin  solution,  and  allow 
the  mixture  to  stand  at  the  temperature  of  the  body  for  about  twenty- 
four  boum.  The  precipitate  is  filtered  off,  washed  with  water,  and  purified 
by  alternately  dissolving  in  very  faintly  alkaline  water  and  reprecipitatUlg 

li  acid. 

Plastin.  After  tin-  extraction  of  the  nucleins  from  cell  imclri  of  certain  plants 
in  dilute  soda  solution,  a  residue  is  obtained  which  is  characterised  by  its  great 

tbility.    The  substance  which  forms  tins  residue  has  I 
This  substance,  of  which  the  spongioplasm  of  the  body  of  the  cell  and  the  QU 
granules  are  alleged  to  be  composed,  is  considered  as  a  nucleiu  modification  of 
great  insolubility,  although  its  nature  is  not  known. 

Nucleic  Acids.    All  nucleic  acids  are  rich  in  phosphorus  and  yield  phos- 
phoric acid  and  nuclein  bases  as  cleavage  products.    The  various  mil 
acids  are  nevertheless  very  different  in  regard   to  the  products  they  3 

•  Pfluger'a  Arch..  47. 

1  Ber.    ;    d    cheat  I'lwellach.,  21,  and  Cantralbl.  f.  d.  med.  Wiasensch.,  1889. 
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The  nucleic    arid    from   ox-sperm   yields,   according   to    Kosski.,   obi 
xanthine,  the  guanylic  acid  from  the  pancreas,  according  to  Bang,  chiefly 
guanine,    the    ihviuormcleie    acids    and    the   vegetable   nucleic   acids,    on 

"ntrary.  guanine  and  adenine  (Kossbl,  Nkkma.w,  BcBHI] 
Osborne,  and  others)-    In  the  vegetable  nucleic  acids,  as  far  as  we  know, 
the  pyrimidine  group  is  only  represented  I  I   uracil  (Kos 

U,  Kuss:  CEUDKL,  Oshohnk  and  Hakkis)  in  the  thymonucleic 

aciik  by  thymin,    and    uracil    (Kossel,    Nf.t  ma\,    1  i 

Guai  i  contains  neither  uracil,  fchymin,  nor  cytosin. 

licit  it:  acids  show  a  different  composition  also  in  other  regards. 

A  pentose  group  ran  be  BpUl  off  from  guanylic  acid  and   i  able 

tritico-  and  yeast   nucleic   acid),  while   from   the  yeast 

ad  also  ■  hexoee  ia  claimed  to  be  obtained.    No  carbohydrate 

las.  on  the  contrary,  been  split  off  from  the  thymonucleic  adds.     Only 

■\<  cleavage  have  Kossel  and  Neumann  been  able  to  obtain  levulmi  • 

»ckl  from  the  nucleic  add  of  tin-  thymus  glands,  showing  that  they  contain 

» carbohydrate  group. 

■  rally  admit,  of  4  atoms  of  phosphorus  in  the  empirical  formula? 
of  tin  acids.     In    thymonucleic   acid    the   relationship   of 

phosphorus  t*.  nitrogen  ia  n  4  to  14,  in  tritieonaakae  acid,  4  to  Hi,  and  in 
pianylic  acid,  4  to  20.  The  form  of  combination  of  the  phosph  roi  U  not 
known  with   j  -s.  but  it  seems  at  li  guanylic  and  t  ribo- 

nucleic acids  are  derivatives  of  a  pentahydroxj-lphosphorio  arid,  I'(()II)4. 

All  nucleic  acids  are  amorphous,  white,  and  have  an  acid  peaetioiL 
They  are  readily  soluble  in  ammoniacal  or  alkaline  water  and  form  insoluble 
ttlts  with  the  heavy  metais,  and  as  a  rule,  also  insoluble  basic  salts  with  the 
alkaline  earths.  Quanylic  acid  is  soluble  with  diiliculty  in  cold  water  but 
rather  readily  in  boiling  irater,  from  h  biota  i;  ng.  Quai 

fcid  i  eipitated   from   its  alkali   combiuation  by   an   BBOeBB  Of 

acetic  acid.     The  other  nucleic  acids  are,  on  the  contrary,  not  precipitated 

Rich  combinations  by  an  excess  of  acetic  acid,  but  by  a  slight  excess 
of  hydrochloric  acid,  especially  in  the  presence  of  alcohol,  in  add  solu- 
tions these  latter  nucleic  acids  give  precipitates  witli  prota "'ids.  which  are 
considered  as  nucleins.  The  behavior  of  guanylic  add  in  this  regard  has 
°otbeen  shown  on  account  of  the  great  difficulty  in  dissolving  this  acid  in 

'The  work*  of  Komel  and  hin  pupil*  r>n  nucleic  acids  are  fountj  in  I>u  Hois Rey- 
fflood"*  Aral)  .  1892,  1898,  and  1894;  Bitrungsber.  d.  Bari  Akad.  d.  V.  Is. 

iSM;  Centralbl.  f.  d.  mod.  Wiisenach.,  1893;  Bor.  d.  deutsch.  chem.  fiwirHwin  .  H 
■"•1ST;  Zeitachr.  f.  physiol  Chem..  22  and  38;  see  also  Neumann,  Arch.  f.  (Aimt  <i  i 
fyrwol.,  1808  and  1899,Supplb.;  Miracher,  Hoppe-Seyler's  Med.  chem.  Cntorsuch  ,  til. 
*od  Arch.  I.  expt.  Path,  u.  Phann.,  3",  Scbmiedebcrg,  ibid.,  37  and  43;  Osbonv 
H*ms,  Zeitachr.  f.  physiol.  Chem.,  30;  Bang,  ibui.,  20  and  31.  and  Biochem.  Centralbl., 
1,185;  Altmann.  Arch.  f.  (Anat.  u.)  Physiol.,  1899;  Aaooli,  Zdtschr.  f.  physiol.  Chem., 
ft  wo  81;  Levcnc,  ibid.,  32,  88,  and  38. 
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dilute  acids.    All  nucleic  acids  are  insoluble  in  alcohol  and  ether, 
do  not  give  either  the  biuret  tost  or  Mii.i.on  s  reaction. 

Thymonucleic  Acids.1  To  this  group  belong  two  closely  related  acids 
found  in  the  thymus  gland  (Neumann).  The  nucleic  acid  in  the  salmon 
sperni  (salmonuelei<-  and)  seems  to  be  identical  with  one  of  the  irodcfe 
acids  of  the  thymus  gland  (Schmtkdkberc,  Herlant).  The  acids  pre- 
pared by  Levenk  from  the  pancreas,  spleen,  and  spermatozoa  of  the  codfish 
seem  to  be  identical,  or  at  least  closely  related  to  these.  The  nucleic  acids 
of  the  sperm  of  the  sturgeon  (Noli.),  herring  (M  vrnr.ws,  Oi.n.KwrrscH),  and 
sea-urchin  (Mathews)2  also  probably  belong  to  this  group. 

The  salmonucleic  acid  and   the  thymusnucleic  acid  as  obtained  by 
iededero's  method  have  the  MOM  composition,  (''4„HMN"uOw.2P,0,. 
On  heating  the  free  acid  with  water  at  the  water-bath  temperature  there  has 
been  split  off  besides  adenine  and  guanine  a  new  acid,  tf  -hich 

is  readily  soluble  in  water  and  which  yields  a  barium  salt  which  is  also 
soluble  in  water,  CwHj3N,P,0I2Ra  (Kossr.n  and   Nkimann).       On  hydro- 
rage  with  sulphuric  acid  Kossel  and   Neumann  obtained   phos- 
phoric acid  (about  23  per  cent  P2Os),  thymin  (8  per  cent),  levulinic  acid, 
sin,  ammonia,  guanine,  and  adenine  from  thymusnueleic  add. 

Guanylic  Acid.  This  acid,  which  thus  far  has  only  been  obtained  from 
the  p  ording  to  I'ang,  the  composition  l^n^N,,,!'^.),,.     It 

is  readily  soluble  in  warm  water,  but  partially  separates  out  on  co 
It  is  considered  as  an  ester  of  a  glycorophosphoric  acid  and  decomposes 
on  hydrolytic  cleavage  with  acids,  according  to  Bang,  into  4  molecules 
of  guanine,  3  molecules  of  pentose  (1-xylose  according  to   Nedber* 
molecules  of  glycerine,  and  4  molecules  of  phosphoric  acid. 

According  to  the  more  recent  investigations  of  Bang  and  Raaschou  • 
the  guanylic  acid  wind  now  designates  as  0-add  ifl  formedj  in  the 

(ration  from  another  acid  called  a-guanylic  acid,  by  the  action  of 
the  alkali.  The  «-guanylic  acid,  which  is  readily  soluble  in  water, 
in  cold  water,  contains  less  phosphorus  and  nitrogen  (6.65  and  15.38  per 
cent  respectively)  as  compared  to  the  /9-acid,  which  contains  7.64  per  cent 
phosphorus  and  is. 21  per  cent  nitrogen.  By  the  action  of  alkalies  the 
a-guanylic  acid  splits  off  a  pentose  group  and  is  converted  into  the  /?-acid. 
following  acid  is  also  generally  included  among  the  nucleic  a- 

Inosinic  acid,  C.(>HuN4P01,  was  first  isolated  by  Liedio  from  the  flesh  of 
certain  animals  and  then  closely  studied  by  II  \isk.u.*  It  contains  phosphorus, 
is  amorphous,  and  gives  crystalline  salts  with  barium   and   calcium.      Haiskr 

1  This  name  will  be  used  as  a  group  name  for  all  nucleic  acids  closely  related  to 
the  thymusnucleic  acids. 

1  !!•  h.  f.  expt.  Path.  u.  Pbarm.,  44;  Noll,  Zeitachr.  f.  physiol.  Chem.,  25; 

Ifatbew^  Ibid  ,  H)  Oulewitech,  ibid.,  27. 

'II  s  "Reitrage,  4 

M.idiig,  Annal.  d.  Chem.  u.  Pharm.,  62;  P.  Haiser,  Monatahefte  f.  Chem.,  16. 
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obtained  hypoxanthine  as  ft  cleavage  product  and  probably  also  trioxyvalerianic 
add,  though  it  has  not  been  positively  proven. 

Tne  thvmiLsinu:I<'ic  acidfl  may  be  prepared  as  the  copper  salt,  according 
toScHMiEDEBERa.  from  the  heads  of  the  salmon  spc  or  from  the 

residue  after  the  peptn  in  of  the  tLANT). 

protamins  are  I  by  the  action  of  copper  chloride  anil  the  hist  traces 

ofproteid  removed  by  dissolving  the  residue  in  dilute  can-air  [nitash  and 
precipitating  this  solution  with  alcohol,  .nil  this  is  related  until  Li  f;ols  to 

L.nr-.i  i.-i.    He  copper  salt  can  be  precipitated  1  rehloride 

the  watery  solution  of  the  potassium  nucleate  after  acidification  with 
acetic  acid.  According  to  Xkimann  the  two  thymuanu  oleic  acid.-,,  a  and  B. 
can  be  obtained  from  the  gja&d,  after  previously  boiling  the  same  with 
water  containing  acetic  acid  and  then  cutting  it  up  line.  The  finely 
divided  gland  is  boiled  with  alkaline  water  (about  3  per  cent  NaOH.i 
one-half  hour  for  acid  a  and  two  boon  for  acid  j3,  and  sodium  acetate  added 
at  the  same  time.    After  neutralisation  •  io  acid,  filter,  concentrate, 

and  precipitate  with   alcohol.     The  nucleic  acids  can  1>  ted  from 

the  precipitated  sodium  salts  of  the  nucleic  acid  by  precipitating  with 
alcohol   containing    hydrochloric    acid.     Lkvknk's  '    metl  ,    on 

the  contrary .  in  treating  the  organs  first  with  5  per  cent  sodium  hydrate 
c  with  8  per  cent  ammonia  iii  the  oold.  then  nearly  neutralizing  with 
acetic  acid,   precipitating  the  protcids  with   picric  acid,  and   treating   the 
.    i  lined   liquid   (acetic  acid)  with  alcohol.       In   the  presence  of 
ate  the  nuclei  k    precipitated. 

■■id  may  be  r>  red  according  to  Bano  and  Raabohou 

br  the  follow  After  treating  the  pancreas  with   1  per  i 

1  •  drate  solution  for  twenty-four  hours  at  the  room   temperature 
UBBolved  by  (farming,  then  neutralised  by  aeetie  acid  and  made  faintly 
i-d.  made  faintly  alkaline  with  annum  DOSOBOtn 

i -Hated  with  alcohol  while  hot.      The  proteoses  remain  in  solu- 
tion am  I   the  precipitated   guanylic  acid  (a-acid)  is  purified  by  repeated 
>n  in  water  and  precipitation  by  alcohol. 

Plant  Nucleic  Acids.     Those  I*  <l  known  are  the  yeatt  nucleic  acid  and  the  Iri- 

acid,  <  *<t 1 1 ,, X , .  1*.<  )„,  isolated  by  Okhohnk  and  Harris  from  the  wheat 

>,  and  which  according  to  theao  investigators  is   identical  with  the  yeast 

acid.    The  plant  nuclei'  acid  tare  nearly  related  to  the  thymoi  ida, 

tut  differ  from  them  not  only  by  the  presence  of  the  pentose  groOOi,  hut  alao  by 

tkfacttliat  in  the  Ihymonucleii  acidfl  the  pyrimidine  groups  are  represented  by 

"nwl,  cytosin,  and  thymin,  and  in  the  tritaeoDUcleio  acid  by  crytoaui  and  uraeU. 

This  last  acid,  which  ifl  dextrorotatory,  yields  on  hydrolysis  with  acid  1  molecule 

of  guanine .  1  molcule  of  adenine  and  cytosin  (Wiiehlku  and  Johnson1),  2  mole- 

-acil,  and  3  molecules  of  pentose  for  every  4  atoms  of   phosphorus. 

LavtNB  lu»a  been  able  to  prepare  from  the  tubercle  bacilli  nucleic  acids  whose 

nature  has  not  been  closely  studied. 

Phumimc   acid  is  an  acid  which  was  prepared  by  Ascom  and  Kossel'  by 

1  Schraiedebcxg,  Arch.  f.  exp.  Path.  u.  Pharm.,  43;  Herlant,  ibid.,  44;  Neumann, 
Arch.  f.  (Ana*,  u.)  Physiol.,  1899,  Supplbl.;  Levene,  Zcitschr.  f.  physioL  Chem.,  82; 
Eoatytachew.  ibid.,  39. 

'  Araer.  Chctn.  Journ.,  29. 

•  Aacoit,  Zeitschr.  f.  pliysiol.  Chem.,  28. 
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the  action  of  alkali  upon  yeast.  It  contains  iron  and  is  soluble  in  very  dilutee* 
hydrochloric  acid  (1  p.  in.).  It  is  still  a  question  whether  it  is  a  mixture  or  al- 
chemical individual. 

In  regard  to  the  preparation  of  yeast  and  triticonucleic  acid  we  must  refer  tow 
the  works  of  Altmann,  Kos^el,  Osborne  and  Harris.1 

Among  the  cleavage  products  of  the  nucleic  acids  the  purin  deriva — 
tives  and  the  pyrimidine  derivatives  are  of  special  interest. 

Purin  Bases  (nuclein  bases,  alloxuric  bases,  xanthine  bodies).  Wittk_ 
these  names  we  designate  a  group  of  bodies  consisting  of  carbon,  hydrogen^, 
nitrogen,  and  in  most  cases  also  of  oxygen,  which,  by  their  composition^- 
show  a  relationship  not  only  among  themselves,  but  also  with  uric  acid. 
All  these  bodies,  uric  acid  included,  are  considered  as  consisting  of  an_ 
alloxuric  and  a  urea  nucleus,  and  for  this  reason  Kossel  and  Kruger  have=^ 
called  them  alloxuric  bases,  or  the  entire  group,  including  uric  acid,  alloxurv^~ 
bodies.  According  to  E.  Fischer,3  who  has  not  only  shown,  in  several— 
ways,  the  close  relationship  of  uric  acid  to  this  group,  but  has  also  prepared— 
9  number  of  the  members  of  this  group  synthetically,  they  are  all  derivecK- 

N=CH 

HC    C— NH 
from  a  compound,  C,H4N4=      II      II  >CH,  called  punn. 

The  different  purin  bodies  are  derived  therefrom  by  the  substitution  of  the- 
various  hydrogen  atoms  by  hydroxy  1,  amid,  or  alkyl  groups.  In  order  to  signify 
the  different  positions  of  substitution  Fischer  has  proposed  to  number  the  nine 
members  of  the  purin  nucleus  in  the  following  way: 

IN— C6 

2C   5C—  N7 

I      I       >C8. 
3N—  G—  N9 
4 

HN— CO 
I       I 

CO  C— NH 
For  example,  uric  acid,       I      II    XT__  >  CO,  is  2,  6,   8-trioxypurin,  adenine 
HN — \j — NH 
N-C.NH,  HN— CO 

HC     C — N                                                                                 CO  6— N  .CH, 
H U  >CH  —  6-aminopurin,      and      heteroxanthine       L U        >         = 

7-methyl-  2,  6-dioxypurin,  etc. 

The  starting-point  used  by  Fischer  for  the  synthetical  preparation  of  the 
purin  bases  was  2,  6,  8-trichlorpurin,  which  is  obtained,  with  8-oxy-2,  6-dichlor- 
purin  as  intermediary  products,  from  potassium  urate  and  phosphorus  oxychlor- 
lde.     The  close  relation  between  uric  acid  and  the  nuclein  bases  follows  from 


1  See  foot-note  1,  page  127. 

'See  Fischer,  Ber.  d.  deutsch.  chem.  Geaellsch.,  80  and  82. 


PURIN  BASES.  131 

the  fact,  as  shown  by  Sundvtk,1  that  two  bodies  may  be  obtained  on  the  reduction 
of  uric  acid  in  alkaline  solution,  which,  although  not  quite  identical  with  xanthine 
and  hypoxanthine,  are  at  least  very  similar  thereto.  Gautier  3  claims  to  have 
prepared  xanthine  synthetically  by  heating  hydrocyanic  acid  with  water  and 
acetic  acid. 

The  purin  bodies  or  alloxuric  bodies  found  in  the  animal  body  or  its 
excreta  are  as  follows:  Uric  acid,  xanthine,  heteroxanthine,  l-methylxanthinef 
faraxanthine,  guanine,  epiguanine,  hypoxanthine,  episarkine,  adenine,  and 
canine.  The  bodies  theobromine,  theophylline,  and  caffeine  occurring  in  the 
vegetable  kingdom  stand  in  close  relationship  to  this  group. 

The  composition  of  the  most  important  purin  bodies  from  a  physio- 
logical standpoint  is  as  follows: 

Cric  acid,  C4H,NtO, 2,  6,  8-trioxypurin 

Xanthine,  C.H.X^O, 2,  6-dioxypurin 

1-methylxanthine,  C.H.N.O- 1-methyl  " 

Heteroxanthine,  ffiXn. 7-      "  " 

Theophylline,  C.H.N.O, 1, 3-dimethyl         " 

Paraxanthine,  CUVJ.O, 1,7-        "  " 

Theobromine,  CLH.N.O, 3,7-        "  " 

Caffeine,  C„H,  N .O, .1,3, 7-trimethvl        " 

Hypoxanthine,  C,H4N,0 6-oxypurin 

Guanine,  C.H.N.0 2-amino       "        *' 

Epiguanine,  C.  jlji&r 7-methyl  "      "  "        " 

Adenine,  C.H.N., 6-aminopurin 

Epifiarlrine,  C,H,N\0,(?) 

Camine,  C^B^O, 

After  Salomon  8  had  shown  the  occurrence  of  xanthine  bodies  in  young 
cells  the  importance  of  the  xanthine  bodies  as  decomposition  products  of  cell 
nuclei  and  of  nucleins  was  shown  by  the  pioneering  researches  of  Kossel, 
who  discovered  adenine  and  theophylline.  Kossel  gave  them  the  name 
nuclein  bases.  In  those  tissues  in  which,  as  in  the  glands,  the  cells  have 
kept  their  original  state  the  nuclein  bases  are  not  found  free,  but  in  com- 
bination with  other  atomic  groups  (nucleins).  In  such  tissue,  on  the 
contrary,  as  in  muscles,  which  are  poor  in  cell  nuclei,  the  nuclein  bases  are 
found  in  the  free  state.  Since  the  nuclein  bases,  as  suggested  by  Kossel, 
stand  in  close  relationship  to  the  cell  nucleus,  it  is  easy  to  understand  why 
the  quantity  of  these  bodies  is  so  greatly  increased  when  large  quantities  of 
nucleated  cells  appear  in  such  places  as  were  before  relatively  poorly 
endowed.  As  an  example  of  this,  the  blood,  in  leucaemia,  is  extremely 
rich  in  leucocytes.  In  such  blood  Kossel4  found  1.04  p.  m.  nuclein  bases, 
against  only  traces  in  the  normal  blood.     That  the  nuclein  bases  are  also 

1  Zeitschr.  f.  physiol.  Chem.,  23. 

'Compt.  rend.,  98,  1523,  and  Ber.  d.  deutsch.  chem.  Gesellsch.,  31.     In  regard  to 
the  synthesis  of  uric  acid  and  purin  bases  see  Traube,  ibid.,  33. 
1  Sitzunsber.  d.  Bot.  Verein  der  Provinz  Brandenburg,  1880 
'Zeitschr.  f.  physiol.  Chem.,  7. 
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intermediate  steps  in  the  formation  of  urea  or  uric  acid  in  the  animal^" 
organism  is  probable,  and  will  be  shown  later  (see  Chapter  XV). 

Only  a  few  of  the  nuclein  bases  have  been  found  in  the  urine  or  in  the^- 
muscles.  Only  four  bases — xanthine,  guanine,  hypoxanthine,  and  adenine — 
have  been  obtained,  thus  far,  as  cleavage  products  of  micleins.  In  regard, 
to  the  other  purin  bodies  we  refer  the  reader  to  their  respective  chapters. 
Only  the  above  four  bodies,  the  real  nuclein  bases,  will  be  considered  at  this 
time. 

Of  these  four  bodies  xanthine  and  guanine  form  one  special  group   and 
hypoxanthine  and  adenine  another.    By  the  action  of  nitrous  acid  guanine  is— 
converted  into  xanthine  and  adenine  into  hypoxanthine. 

C»H,N4O.NH+HNOa  -  0*1^0,+ N,+H,0; 

Guanine  Xanthine 

(W^.NH+HNOj-OHAO  +N,+HjO. 

Adenine  Hypoxanthine 

By  putrefaction  guanine  is  converted  into  xanthine  and  adenine  into  hypo- 
xanthine. On  cleavage  with  hydrochloric  acid  all  four  of  the  bodies  are  con— 
verted  into  ammonia,  glycocoll,  carbon  dioxide,  and  formic  acid.  On  oxidation 
with  hydrochloric  acid  and  potassium  chlorate,  xanthine,  bromadenine,  and  brom- 
hypoxan thine  yield  alloxan  and  urea;  guanine  yields  guanidine,  parabanic  acid, 
(an  oxidation  product  of  alloxan),  and  carbon  dioxide. 

The  nuclein  bases  form  crystalline  salts  with  mineral  acids,  which  are 
decomposed  by  water  with  the  exception  of  the  adenine  salts.  They  are 
easily  dissolved  by  alkalies,  while  with  ammonia  their  action  is  somewhat 
different.  They  are  all  precipitated  from  acid  solution  by  phosphotungstic 
acid ;  they  also  separate  as  a  silver  combination  on  the  addition  of  ammonia 
and  ammoniacal  silver-nitrate  solution.  These  precipitates  are  soluble  in 
boiling  nitric  acid  of  1.1  specific  gravity.  All  xanthine  bodies  are  also  pre- 
cipitated by  Fehling's  solution  (see  Chapter  XV)  in  the  presence  of  a 
reducing  substance  such  as  hydroxylamine  (Drechsel  and  Balke).  Copper 
sulphate  and  sodium  bisulphite  may  also  be  used  to  advantage  in  their 
precipitation  (Kruger1).  This  behavior  of  the  xanthine  bases  is  made 
use  of  to  the  same  advantage  as  the  silver  solution  in  their  precipitation 
and  preparation. 

HN— CO 

CO  C— NH 
Xanthine,  C6H4N40,=H  '      "      N->CH  (2,  6-dioxypurin),  is  found  in 

the  muscles,  liver,  spleen,  pancreas,  kidneys,  testicles,  carp-sperm,  thymus, 
and  brain.  It  occurs  in  small  quantities  as  a  physiological  constitu- 
ent of  urine,  and  it  occasionally  has  been  found  as  a  urinary  sediment,  or 

1  Balke,  zur  Kenntniss  der  Xanthinkorper,  Inaug.-Diss.  Leipzig,  1893 ;  Kruger, 
Zeitschr.  f.  physiol.  Chem.,  18. 
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cakulus.    It  was  first  observed  in  such  a  stone  by  Marcet.     Xanthine  ia 
found  in  larger  amounts  in  a  few  varieties  of  guano  (Jarvis  guano). 
iiorphous,  or  forms  jjranular  masses  of  erytals.  or 
to  BaBBAOBWfBKr,1  separate  as  masses  of  ehining,  thin,   || 
elates  with  1   niol.  water  of  er\ stallization.     It  is  very  slightly 
soluble  in   water,   in    14. 151-14,600    parts  at   16°  C,  and   i  1600 

parts  at  100°  C.  (Almkn  3)      It  is  insoluble  in  alcohol  or  ether,  but  is 
-solved  by  alkalies  and  with  difficulty  by  dilute  adds.     Willi 
ichlorio   acid   it  gives  a  crystalline,  difficultly  soluble  aoxabioatioii, 
i  very  litt  .  ia  it  gives  a  readily  crystal  livable  compound. 

which  is  easily  dissolved  by  an  excess  of  alkali.     Xanthine  dissolved  in 
ammonia  gives  with  silver  nitrate  an  insoluble  gelatinous  precipitate  of 
ilver.     This  precipitate  is  dissolved  by  In »1  nit ri-  I  l.y  this 

means  an  easily   soluble   crystalline   double   eombination   is  formed.     A 
watery  xanthine  solution  is  preeipitated  on  Iwiilins;  with  copper  aretate.     At 
Htfy  temperatures  xanthine  is  precipitated  by  mercuric  chloride  and  by 
liacal  basic  lead  acetate.    It  is  not  precipitated  with  basic  lead 
acetate  alone. 

When  evaporated  to  dryness  in  a  porcelain  dish  with  nitric  acid,  xanthine 
a  yellow  residue,  which  turns,  on  the  addition  of  raustic  soda,  first 
reil.  and.  after  heating,  purple-red.  If  we  plan-  some  chloride  of  lime  with 
•ome  caustic  soda  in  a  porcelain  dish  and  add  the  xanthine  to  this  mixture, 
»t  first  a  dark-green  ami  then  quickly  a  brownish  halo  forms  around  the 
•-rains  and  finally  disappears  (HopPB-SBTUm).  If  xanthine  he 
warmed  in  a  small  vessel  on  the  water-bath  with  ehlorine-water  and  a  trace 
nf  nitric  acid  and  evaporated  to  dryness,  and  th  hthenexpoa 

ali'.ll-jar  to  the  vapors  of  ammonia,  a  red  or  purple-violet  color  is  produced 
-  reaction).      E.  FISCHER  s  has  modified  Wkidki.'s  reaction  in  the 
log  way.     He  boils  the  xanthine  in  a  test-tube  with  <  -h  lor  me- water  or 
hydrochloric  acid  and  a  little  potassium  chlorate,  then  evaporates  the 
I  carefully  and  moistens  the  drv  residue  with  ammonia. 
HN-CO 

Guanine,    C4HsNkO  =  H,N\C     C— NH 

jl _1_    >  CH     (2  -  amino  -  0-  oxypurin). 

Guanine  is  found  in  organs  rich  in  cells,  such  as  the  liver,  spleen,  pancreas, 
fcaticles,  and  in  salmon-sperm.  It  is  further  found  in  the  muscles  (in  very 
•wdl  amounts),  in  the  scales  and  in  the  air-bladder  of  certain  fishes  as 
"aleseent  crystals  of  guanine-lime;  in  the  retinal  epithelium  of  fishes,  in 

piano,  and  in  the  excrement  of  spiders  it  is  found  as  chief  constituent.     It 

1  Zeitaohr.  f  physiol.  Chem.,  23. 

'  Joum.  f.  prakt.  Chcm.,  96. 

•Ber.  d.  deutach.  diem.  Gesdlsch.,  SO,  2236. 
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also  occurs  in  human  and  pig  urine.  Under  pathological  conditions  it  has 
been  found  in  leucsemic  blood,  and  in  the  muscles,  ligaments,  and  articula- 
tions of  pigs  with  guanine-gout. 

Guanine  is  a  colorless,  ordinarily  amorphous  powder  which  may  be 
obtained  as  small  crystals  by  allowing  its  solution  in  concentrated  ammonia 
to  spontaneously  evaporate.  According  to  Horbaczewski  it  may  under 
certain  conditions  appear  in  crystals,  similar  to  creatinine  zinc  chloride. 
It  is  insoluble  in  water,  alcohol,  and  ether.  It  is  rather  easily  dissolved 
by  mineral  acids  and  readily  by  alkalies,  but  it  dissolves  with  great  difficulty 
in  ammonia.  According  to  Wulff  *  100  c.  c.  of  cold  ammonia  solution 
containing  1,  3,  and  5  per  cent  NH,  dissolve  9,  15,  and  19  milligrams  of 
guanine  respectively.  The  solubility  is  relatively  increased  in  hot  ammonia 
solution.  The  hydrochloride  readily  crystallizes,  and  this  has  been  recom- 
mended by  Kossel*  in  the  microscopical  detection  of  guanine  on  account 
of  its  behavior  to  polarized  light.  The  sulphate  contains  2  molecules  of  water 
of  crystallization,  which  is  completely  expelled  on  heating  to  120°  C,  and  for 
this  reason  as  well  as  the  fact  that  guanine  yields  guanidine  on  decomposition 
with  chlorine-water,  differentiates  it  from  6-amino-2-oxypurin,  which  is  con- 
sidered as  an  oxidation  product  of  adenine  and  possibly  occurs  as  a  chem- 
ical metabolic  product  (E.  Fischer).  The  6-amino-2-oxypurin  sulphate 
contains  only  1  molecule  of  water  of  crystallization,  which  is  not  expelled  at 
120°  C.  Very  dilute  guanine  solutions  are  precipitated  by  both  picric 
acid  and  metaphosphoric  acid.  These  precipitates  may  be  used  in  the 
quantitative  estimation  of  guanine.  The  silver  combination  dissolves  with 
difficulty  in  boiling  nitric  acid,  and  on  cooling  the  double  combination 
crystallizes  out  readily.  Guanine  acts  like  xanthine  in  the  nitric-acid  test, 
but  gives  with  alkalies  on  heating  a  more  bluish-violet  color.  A  warm 
solution  of  guanine  hydrochloride  gives  with  a  cold  saturated  solution  of 
picric  acid  a  yellow  precipitate  consisting  of  silky  needles  (Capranica). 
With  a  concentrated  solution  of  potassium  bichromate  a  guanine  solution 
gives  a  crystalline,  orange-red  precipitate,  and  with  a  concentrated  solu- 
tion of  potassium  ferricyanide  a  yellowish-brown,  crystalline  precipitate 
(Capranica).  The  composition  of  these  and  other  guanine  combinations 
has  been  studied  by  Kossel  and  Wulff.8  Guanine  does  not  give  Weidel's 
reaction. 

HN— CO 

I  I 

Hypoxanthine,   Sarkin,  C6H4N40=HC    C— NH  -  (6-oxypurin). 

II  II  >CH 

N— C— N 

1  Zeitschr.  f.  physiol.  Chem.,  17. 

'  Ueber  die  chem.  Zusammensets  der  Zelle,  Verh.  d.  physiol.  Gesellach.  zu  Berlin, 
1890-91 ,  Nos.  5  and  6. 

*  Zeitschr.  f.  physiol.  Chem.,  17;  Capranica,  ibid.,  4. 
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This  body  is  found  in  the  same  tissues  as  xanthine.  It  is  especially  abund- 
ant in  the  sperm  of  the  salmon  and  carp.  Hypoxan thine  occurs  also  in 
the  marrow  and  in  very  small  quantities  in  normal  urine,  and,  as  it  seems, 
also  in  milk.  It  is  found  in  rather  considerable  quantities  in  the  blood 
and  urine  in  leucaemia. 

Hypoxanthine  forms  very  small,  colorless,  crystalline  needles.  It  dissolves 
with  difficulty  in  cold  water,  but  the  statements  in  regard  to  the  solubility 
therein  are  very  contradictory.1  It  dissolves  more  readily  in  boiling  water, 
in  about  70-80  parts.  It  is  nearly  insoluble  in  alcohol,  but  is  dissolved  by 
acids  and  alkalies.  The  combination  with  hydrochloric  acid  is  crystalline, 
and  is  more  soluble  than  the  corresponding  xanthine  combination.  It 
is  easily  soluble  in  dilute  alkalies  and  ammonia.  The  silver  combina- 
tion dissolves  with  difficulty  in  boiling  nitric  acid.  On  cooling  a  mixture 
of  two  hypoxanthine  silver-nitrate  compounds  possessing  an  inconstant 
composition  separates  out.  On  treating  this  mixture  with  ammonia  and 
an  excess  of  silver-nitrate  and  heating,  a  hypoxanthine-silver  combina- 
tion is  formed  which  when  dried  at  120°  C.  has  a  constant  composition, 
%tCfli\gJ$40)'R20,  and  is  used  in  the  quantitative  estimation  of  hypo- 
xanthine. Hypoxanthine  picrate  is  soluble  with  difficulty,  but  if  a  boiling- 
hot  solution  of  the  same  is  treated  with  a  neutral  or  only  faintly  acid 
solution  of  silver  nitrate  the  hypoxanthine  is  nearly  quantitatively  precipi- 
tated as  the  compound  C6H,AgN4O.CeH2(N02)jOH.  Hypoxanthine  does  not 
yield  an  insoluble  compound  with  metaphosphoric  acid.  When  treated, 
like  xanthine,  with  nitric  acid  it  yields  a  nearly  colorless  residue  which 
on  warming  with  alkali  does  not  turn  red.  Hypoxanthine  does  not  give 
Weidel's  reaction.  After  the  action  of  hydrochloric  acid  and  zinc  a 
hypoxanthine  solution  becomes  first  ruby-red  and  then  brownish-red  in 
color  on  the  addition  of  an  excess  of  alkali  (Kossel).  According  to  E. 
Fischer  a  a  red  coloration  occurs  even  in  the  acid  solution. 
N=C.NHa 

Adenine,  C,H5N5=HC    C— NHv 

II     II  J^R  (6-aminopurin),   was  first   found 

oy  K08SEL  *  in  the  pancreas.  It  occurs  in  all  nucleated  cells,  but  in 
greatest  quantities  in  the  sperm  of  the  carp  and  in  the  thymus.  Adenine 
has  also  been  found  in  leucaemic  urine  (Stadthagen  4).  It  may  be  obtained 
111  large  quantities  from  tea-leaves. 

Adenine  crystallizes  with  3  molecules  of  water  of  crystallization  in  long 
needles  which  become  opaque  gradually  in  the  air,  but  much  more  rapidly 

1  See  E.  Fiacher,  Ber.  d.  deutsch.  chem.  Geselbch.,  30. 

*  Kossel,  Zeitschr.  f.  physiol.  Chem.,  12,  252;  E.  Fischer,  1.  c. 

*  See  Zeitschr.  f.  physiol.  Chem.,  10  and  12. 
•Virchow's  Arch.,  109. 
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whin    warmed.     If   the  crystals  are  warmed  slowly  with   a  quantity  of 

water  mikhiIk  i<  hi   fog   -iluti-'i  ,  1 1 1 .  •  v  become  suddenly  cloudy  at  53°  C.,  a 

ion  for  adenine.     It  dissolves  in  1086  parts  cold  water, 

I mii  i  insoluble  in  ether,  but  somewhat  soluble 

in  hot  alcohol.     Adenine  i>  oasilv  soluble  in  acids  and  alkalies.      It  is  more 

eanily  soluble-   in    .iiiiiiiwiua   s<.lui ion    than   guanine,  but  less   soluble  than 

m,,.    ii   ,     oomhination  of  adenine  is  difficultly  soluble  in 

warm  <id,    and   dejmsit.s   on  cooling   as  a   crystalline    mixture   of 

■dl  BlM    :-ilvi>r  nitrate.        Willi    pujrj  ine  forms  a   compound, 

l\n(lNa.t,nl  lat.Nt  >3)a<  »II ,  win  I.    and  which  separates  more 

i.  :i<!il\  tlian  lb'"  hypOXI  i  urate  and  which  can  be  used  in  the  quanti- 

e-tiuiation  of  adenine      We  also  have  an  adenine  mereury-pierate. 

Ives  in  an  excess  of  the  acid  with 
DDtUphogphoria  acid   if   the  sohition  i-  Adenine  hydlo- 

Qhloiidl   glW    with   «old    chloride   a   double  combination   which   con 
in  pan   of  1<  it  ahaped  aggregations  and  in  part  of  cubical  or  prismatic 
crystals,  often  frith  funded  corners.     TktiB  OMUpOOnd  is  used  in  the  micro- 

0  of  adenine.     With  the  nitric-acid  test  and  with  Wi  i 
reaction  adenine  acta  in  the  same  way  as  hypoxanthine.    The  same  is  bran 

.havtor  t<>  I.  md  xinc  and  subsequent  addi 

of  alkali. 

The  preparation  and  detection  of  the  four  aboi 

d— riLcri  And  tissues  is,  accord: 

i  organ  or  tissue  (or  three 

Iphurio  acid  of  about  5  p.  m.     The  filtered  liquid  is 

fag  basic  lead  acetate,  and  the  new  filtrate  is  treated  with 

sulphuretted   h\drogcn  to  remove  the  lead,  again  filtered,  concentrated, 

r  adding  an  I  ammonia,  precipilated  with  ammoniacal 

-ombina?  h  the  addition  of  some  urea  to 

prevent  nitrification*  i«  devolved  in  not  too  large  a  quantity  of  boiling  nitric 

arid  of  srv  gr.  l.l,  and  this  solution  filtered  boiling  hot.    On  cooling  the 

\anthinc-«it\*r  remains  in  the  auktwax  whfle  the  double  comhinati 

guanine    h>  ^xvxan  thine,  and  adenine  crystattins  out.     The  xanthine- a 

Stated  fmm  the  filtrate  by  the  addition  of  Ammonia  and  the 
xanthine  *et  team  of  nilphurettcd  hydrogen.    The  three  al 

mentioned  ftrcttvawrat*  fcmcanalwai,  are  rlrrnaafirnrd  in  water  with 
ammonium  sulphite  and  heat:  the  sarccr  snW»de  e  OWlJ  off,  the  filtrate 
mmmtm/m     -■•         -    •        •  •    •        ayaaad  o«  tkt  vator-bath. 

IW  giianmf  remains  uavfesofaed.  mtu>  the  other  two  bases  pass  into  aota- 
A  pan  of  thegnanmeis  ttil  rcaamii!  by  taw  star  wOphide,  and  may 


aa  mrmmmm 
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•the  hypoxanthine 
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the  xanthine  bases  with  copper  salt  Bud  hydroxylamine  as  above  mentioned 
Mil  then  farther  separate  the  bod 
Tiir  method  <>f  Bdbkam  and  Hall.1  is  serviceable  in  the  estimation  of  the 

total  quantity  of  purin  bodies  10  animal  organs;  the  <|u:in» it :it i\<'  estima- 
tion of  The  various  bases  is  performed  in  il .<•  main  according  to  the  method 
above  described.     The  xanthine  is  weighed  BB  xanthine  silver.     The  three 

averted  into  the  DOW    ponding  silver  com- 
binations by  ammonia  and  the  addition  of  silver  nitrate  and  then  ammonium 
Le  allowed  to  act  upon  the  carefully  washed  silver  compounds.    The 
guanine  is  is  such.     The  ammoniacal  filtrate  containing  nine 

and  hypoxanthine.  which  must  not  be  mixed  with  the  hydrochloric-acid 
extract  of  the  ailver  sulphide,  Is  neutrali.  B  cold  concentrated  solu- 

tion of  sodium  picrate  added  until  the  enti  pronouno 

yellow  color.  The  adenine  picr.-it.  \<  immediately  filtered  off,  washed  do 
the  filter  paper  with  water, dried  at  above  KM)0  C.  and  weighed.  The  fil- 
trate containing  the  hypoxanthine  is  gradually  fen  while  boiling  hot 
with  silver  nitrate  and  after  cooling  more  silver  nitrate  Is  added  to  see  if 
the  precipitation  is  complete.  The  hv^oxamhine-silver  picrate  Ls  washed, 
dried  at  100°  C,  and  weighed.  In  regard  bo  the  oomposition  "f  these 
compounds  see  pages  134  and  145  This  method  of  separating  adenine 
and  hypoxanthine  presupposes  the  ;l    ence  of   hy<ln»eliloric  acid   in  the 

The  above  method  of  separation  with  ammonia  does  not  give 
results  on  account  of  the  not  inconsiderable  solubility  of  guanine  in  warm 
ammonia.  According  to  Kossel  and  Wulff*  the  guanine  may  therefore 
be  precipitated  from  sufficiently  dilute  solutions  by  an  excess  of  metaphos- 
phoric  acid  and  the  nitrogen  determined  in  the  washed  precipitate  by 
Kjp.li>.uu. 's  method.  The  adenine  and  hypoxanthine  may  be  precipitated 
from  the  filtrate  by  ammoniacal  silver  nitrate.  The  silver  compound  is 
•tocom posed  with  very  dilute  hydiochloric  acid  and  the  adenine  separated 
hypoxant  ording  to  the  suggestion  of  Bruhns.'    In  regard 

to  the  complications  in  the  detection  and  exact  estimation  of  purin  bodies 
in  organ  extracts  wc  refer  to  the  works  of  His  and  Hagek  and  Buiuan  and 
Hall.* 

NH— CO 

Uracil,  C,II<N,02 = CO      CH  (2,  6-dioxypyrimidine),  was  first  obtained  by 

NH— CH 
Ascou  and  KoaSEL  from  yeast  nucleic  acid  and  later  prepared  by  Kossel 
Steudel  from    thymusnucleic    acid  and    herring  testicles  and    by 
Lbvexe  from  the   spleen  and  pancreas  nucleic  acids.      The  synthetical 
Preparation  was  first  performed  by  1  u  and  Roeder.* 


1  Zettachr.  f.  physiol.  Chem,,  38. 
%Ibid.  17 
i Ibid.,  14.  689. 

4  Hi*  And  Ilaficn,  {bid.,  .10,. and  Burian  and  Hall,  ibid.,  88. 

1  Aucoli,  ibid,,  31 ;    Kossel  and  Steudd,  ibid.,  87 ;    Lcvene,  ibid.,  38,  8»;  E.  Fischer 
tod  Roeder,  Ber.  d.  d.  chem.  Gescllsch.,  84. 
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Uracil  crystallizes  in  rosette-formed  needles.  On  careful  heating  it 
sublimes  partly  undecomposed,  but  develops  red  vapors  and  decomposes 
in  part.  It  is  readily  soluble  in  hot  water  and  less  so  in  cold  water  and 
is  nearly  insoluble  in  alcohol  and  ether.  It  is  readily  soluble  in  ammonia. 
It  is  only  precipitated  by  silver-nitrate  solution  after  the  careful  addition 
of  ammonia  or  baryta-water,  as  the  precipitate  is  readily  soluble  in  an 
excess  of  ammonia.  Uracil  responds  to  Weidel's  test  (p.  133).  In  re- 
gard to  the  preparation  of  uracil  see  Kossel  and  Steudel.1 

NH— CO 

ex 


Thymin,  C,H,N,03=CO     C.CH,  (5-methyluracil).    This  body,  which  is 

NH— CH 
identical  with  nucleosin  obtained  by  Schmiedebero  from  salmonucleic  acid, 
is  obtained  from  the  thymusnucleic  acids  and  was  first  prepared  by  Kossel. 
and  Neumann  from  thymusnucleic  acid.      E.  Fischer  and  Roeder  a  have 
prepared  it  synthetically. 

Thymin  crystallizes  in  stellar  or  dendric-formed  small  leaves  or  seldom 
in  short  needles  (Gulewitsch  s).  On  heating  it  sublimes.  It  is  difficultly 
soluble  in  cold  water,  more  soluble  in  hot  water,  and  insoluble  in  alco- 
hol. It  behaves  like  uracil  towards  ammonia  or  baryta-water  and  silver 
nitrate.  Thymin  is  precipitated  by  phosphotungstic  acid,  which  does  not 
precipitate  uracil.  Bromine  water  is  decolorized  by  thymin,  producing 
bromthymin.  For  its  detection  we  make  use  of  the  sublimation,  the 
behavior  towards  silver  nitrate,  and  its  elementary  analysis. 

In  regard  to  the  methods  of  preparation  see  Kossel  and  Neumann 
and  W.  Jones.4 

NH-€.NH, 
Cytosin,  C4H6NsO=CO  CH      ,   (6^ammo-2-oxypyrimidine),    was     first 

N=CH 
prepared  by  Kossel  and  Steudel  from  carp-sperm,  herring  testicles,  and 
yeast  nucleic  acid ;  also  by  Levene  from  spleen  and  pancreas  nucleic  acid, 
and  finally  also  by  Wheeler    and  Johnson  from    triticonucleic    acid. 
Wheeler  and  Johnson  5  have  also  prepared  it  synthetically. 

The  free  base  is  difficultly  soluble  in  water  and  crystallizes  in  thin 
mother-of-pearl-like  leaves.  The  double  compound  with  platinum  chloride, 

1  Zeitschr.  f.  physiol.  Chem.,  37,  245. 

1  Schmiedeberg,  1.  c. ;  Arch.  f.  expt.  Path.  u.  Pharm.,  37;   Kossel  and  Neumann, 
Ber.  d.  d.  chem.  Gesellsch.,  26  and  27;  E.  Fischer  and  Roeder,  ibid.,  34. 
'  Zeitschr.  f.  physiol.  Chem.,  27. 

4  Kossel  and  Neumann,  1.  c. ;  W.  Jones,  Zeitschr.  f.  physiol.  Chem.,  29,  461. 
1  Amer.  Chem.  Journ.,  29;  see  also  foot-note  1,  page  127. 
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the  crystalline  picrate,  the  nitrate,  and  the  two  sulphates  are  of  importance 
in  the  detection  of  cytosin.  This  base  is  precipitated  by  phosphotungstic 
acid  and  by  silver  nitrate  in  the  presence  of  an  excess  of  barium  hydroxide, 
which  is  also  of  importance  in  the  detection  of  cytosin  (Kutscher).  Cytosin 
gives,  like  uracil,  the  murexid  reaction  with  chlorine-water  and  ammonia. 
In  regard  to  the  preparation  of  this  base,  see  Kossel  and  Steudel  and 
Kutscher.1 

Mineral  Bodies.  These  bodies,  found  habitually  in  the  cells  of  higher 
plants  and  of  animals,  are  potassium,  sodium,  calcium,  magnesium,  iron, 
phosphoric  acid,  and  chlorine.  In  certain  cells  we  also  find  manganese, 
silicic  acid,  iodine,  and  also  arsenic.  We  are  chiefly  indebted  to  Liebig 
for  showing  that  the  mineral  bodies  are  as  important  for  the  normal  con- 
stitution of  the  organs  and  tissues  as  well  as  for  the  normal  performance 
of  the  processes  of  life  as  the  organic  constituents  of  the  body.  This 
importance  of  the  mineral  constituents  follows  from  the  fact  that  we  know 
no  animal  tissue  and  no  animal  fluid  which  is  free  from  mineral  bodies, 
and  also  from  the  fact  that  certain  tissues  or  tissue  elements  contain  chiefly 
certain  mineral  bodies  and  not  others.  This  division  is,  in  general,  as  follows 
in  regard  to  the  alkali  compounds,  namely,  that  the  sodium  compounds 
occur  chiefly  in  the  fluids,  while  the  potassium  compounds  occur  especially 
in  the  form-elements.  Corresponding  to  this,  the  cells  contain  chiefly 
potassium  as  phosphate,  while  they  are  less  rich  in  sodium  and  chlorine 
compounds. 

The  importance  of  potassium  for  life  and  the  development  of  the  cell  has 
been  shown  by  several  observations.  A  very  instructive  and  interesting 
example  of  this  action  has  been  shown  by  Loeb  a  in  his  investigations  on 
the  pathogenesis  of  the  egg  of  the  sea-annelide  Chsetopterus.  The  un- 
fertilized egg  could,  in  sea-water  alone,  only  develop  to  the  eighth  or  six- 
teenth cell  stage;  after  a  short  stay  in  sea-water  to  which  KC1  was  added 
they  developed  to  the  trichophora  larva.  The  fact  that  the  KC1  could 
Dot  be  replaced  by  other  chlorides  but  by  other  potassium  salts  also  shows 
that  we  are  here  dealing  with  a  specific  action  of  the  potassium  ions. 

The  importance  of  phosphoric  acid  is  not  clear;  it  is  perhaps  possible 
that  this  acid  is  important  for  the  formation  of  the  lecithins  and  nucleins, 
*Dd  thereby  indirectly  makes  possible  the  processes  of  growth  and  division, 
wDich  are  dependent  upon  the  cell  nucleus.  Loew  8  has  shown,  by  means 
of  cultivation  experiments  on  algae  Spirogyra,  that  only  by  supplying 
Phosphate  (in  his  experiments  potassium  phosphate)  was  the  nutrition 
°f  the  cell  nucleus  made  possible,  and  thereby  the  growth  and  division  of 


'Kossel  and  Steudel,  Zeitschr.  f.  physiol.  Chem.,  37  and  88;  Kutscher,  ibid.,  38. 
'Amer.  Journ.  of  Physiol.,  3,  4;  Pfluger's  Arch.,  87. 
1  Biologiachee  Centralbl.,  11,  269. 


the  cells.  The  cells  of  the  Spirogyra  can  be  kept  alive  and  indeed  produce 
starch  and  proteids  for  some  time  without  a  supply  of  phosphates,  but 
its  growth  and  propagation  suffer. 

As  both  phosphoric  acid  and  iron  are  obtained  from  the  nuclcin  sub- 
stances it  is  likely  that  these  mineral  bodies  are,  at  least  rr-al  lively,  r 
in    'he  nucleus.     As  to  the  division  of  the  mineral  bodlei   I"  i  ween  the 
protoplasm  and   the  nucleus  we  know  nothing  with  jm  -.->,  and  the 

same  is  true  for  the  form  of  •  of  the  mineral  bodies  in  the  nu- 

cleus. ( )n  i.'i'-i-k  i  n  ion  we  not  only  obtain  a  mixture  of  the  mineral  bodies 
of  the  nucleus  and  protoplasm,  but,  as  is  true  for  all  animal  fluids  and 
tissues,  the  original  relationship  is  markedly  changed.  The  com! 
between  the  colloidal  and  mineral  substances  are  destroyed,  carbon  dioxide 
discharged,  and  sulphuric  acid  and  phosphoric  acid  may  be  produced  from 
xmiiic  bodies.  The  ordinary  chemical  analysis  is  nor  sufficient  for 
the  study  oi  the  mineral  constituents  of  the  fluid*  or  tissue,  their  forms 
of  combination  and  action;  hence  we  must  resort  to  physical-chemical 
methods. 

Ai •!-. ,1-1  ling  to  the  investigations  carried  on  by  these  methods  the  con- 
clusion has  been  reached,  irrespective  of  the  importance  of  the  mineral  bodies 
for  the  osmotic  tension  in  the  cells  and  tissues,  that  the  part  taken  by  the 
mineral  bodies  in  cell  life  is  essentially  the  action  of  the  ions.  For  example, 
the  permeability  of  the  blood-corpuscles,  as  well  as  other  cells  for  neu- 
tral alkali  salts,  which  will  be  treated  in  the  following  chapter,  shows  an 
exchange  of  ions.  The  UlVSsUgationB  of  M  ullard  on  the  toxic  action  of 
copper  salts  and  of  Paul  and  Kronig  *  of  mercury  salts,  acids,  and  alkalies 
offer  other  examples.  From  these  investigations  it  follows  that  the  tox- 
icity b  dependent  upon  the  dissociation  and  that  it  is  not  dependent  upon 
the  total  amount  of,  for  example,  copper  or  mercury  salts  present  in  the 
solution,  but  rather  upon  the  number  of  copper  or  mercury  ions. 

Beautiful  and  instructive  examples  of  the  importance  of  the  ions  for 
cell  life  have  been  shown  by  Loed  7  and  his  collaborators.  It  is  not  within 
the  scope  of  this  book  to  give  a  detailed  account  of  this  important  work, 
but  perhaps  it  will  be  sufficient  to  give  at  least  one  example.  The  develop- 
ment of  the  eggs  of  the  fundulus  can  be  retarded  for  a  long  time  by  a  J 
normal  NaCl  solution.  On  the  addition  of  CaS04  this  retardation  is  prevented 
and  the  development  proceeds.  Other  calcium  salts  act  like  the  sulphate, 
but  alkali  sulphates  like  NajSC^  or  other  neutral  alkali  salts  do  not  have 
this  hence  it  must  be  a  calcium  ion  action.     Small  quantities 

other  divalent  cations,  also  trivalent  ions,  act  similar  to  calcium,  while  the 

1  Maillunl.  Journ.  dc  Physiol,  ct  Path.,  1;  Paul  and  Kronig,  Zeitacbr.  f.  physiol. 
Cbctn  .  12.  .'in,!  Z.-its.hr  f.  Bjfkne,  23. 

!  Leeb,  A»er.  /aunt  Physiol  ,  3.  1.  nnd  6;  Pfluger'a  Arch.,  80.  87,  88.  and  93  (with 

(His). 


ION  ACTION.  141 

salts  of  monovalent  cations  do  not  have  this  action.  According  to  Loeb 
«very  solution  which  contains  only  one  electrolyte  is  poisonous  and  this 
toxicity  can  be  prevented  by  another  electrolyte.  The  valence  determines 
the  extent  to  which  certain  ions  may  have  this  action,  because,  as  above 
stated,  a  small  amount  of  a  divalent  ion  may  retard  the  action  of  a  larger 
amount  of  a  monovalent  ion. 

The  chief  mass  of  the  cells  consists  of  colloids,  and  as  the  normal  func- 
tions of  the  cells  are  connected  with  a  certain  physical  condition  of  the  proto- 
plasm it  is  natural  to  consider  the  action  of  the  ions  in  relationship  to  the 
change  in  the  state  of  the  colloids.  The  colloids  can  be  precipitated  by 
electrolytes  and  the  investigations  of  Hardy  and  Pauli  ■  show  that  we 
are  here  probably  also  dealing  with  an  ion  action.  Negatively  charged 
colloids  are,  according  to  Hardy,  precipitated  by  cations  and  positively 
charged  by  anions.  A  physiologically  balanced  salt  mixture  suitable  for 
the  normal  functions  may  also  be  produced  by  the  antagonism  of  the  ion 
action  in  a  complex  solution  containing  several  salts  (Loeb  and  Gies). 
Changes  in  one  or  the  other  direction  must  correspondingly  also  bring 
about  changes  in  the  state  of  the  colloid  by  the  action  of  the  ions.  How 
the  ions  act  in  these  instances  is  not  clear.  A  very  instructive  and  clear 
explanation  is,  however,  given  by  Hober.' 

'Hardy,  Journ.  of  Physiol.,  24,  and  Zeitschr.  f.  physikal.  Chem.,  88;  Pauli,  Hof- 
master's  Beitr&ge,  8. 

'  Phygikalische  Chemie  der  Zelle  und  der  Gewebe,  Leipzig,  1902. 


CHAPTER  VI. 
THE   BLOOD. 

The  blood  is  to  be  considered  from  a  certain  standpoint  as  a  fluid  tissue, 
and  it  consists  of  a  transparent  liquid,  the  blood-plasma,  in  which  a  vast 
number  of  solid  particles,  the  red  and  white  blood-corpuscles  (and  the  blood- 
plates)  are  suspended.  We  also  find  in  the  blood  granules  of  different  kinds, 
which  are  to  be  considered  as  transformation  products  of  the  form-ele- 
ments.1 

Outside  of  the  organism  the  blood,  as  is  well  known,  coagulates  more  or 
less  quickly;  but  this  coagulation  is  accomplished  generally  in  a  few  minutes 
after  leaving  the  body.  All  varieties  of  blood  do  not  coagulate  with  the 
same  degree  of  rapidity.  Some  coagulate  more  quickly,  others  more  slowly. 
In  vertebrates  with  nucleated  blood-corpuscles  (birds,  reptiles,  batrachia, 
and  fishes)  Delezenne  has  shown  that  the  blood  coagulates  very  slowly 
if  it  is  collected  under  precautions  so  that  it  does  not  come  in  contact  with 
the  tissues.  On  contact  with  the  tissues  or  with  tissue  extracts  they 
coagulate  in  a  few  minutes.  The  blood  with  non-nucleated  blood-corpuscles 
(mammals)  coagulates,  on  the  contrary,  very  rapidly.  The  coagulation 
of  the  blood  in  these  cases  may  also  be  somewhat  retarded  by  preventing 
the  blood  from  coming  in  contact  with  the  tissues  (Spaxgaro,  Arthus  *). 
Among  the  varieties  of  blood  of  mammals  thus  far  investigated  the  blood 
of  the  horse  coagulates  most  slowly.  The  coagulation  may  be  more  or 
less  retarded  by  quickly  cooling;  and  if  we  allow  equine  blood  to  flow 
directly  from  the  vein  into  a  glass  cylinder  which  is  not  too  wide  and  which 
has  been  cooled,  and  let  it  stand  at  0°  C,  the  blood  may  be  kept  fluid 
for  several  days.  An  upper  amber-yellow  layer  of  plasma  gradually 
separates  from  a  lower  red  layer  composed  of  blood-corpuscles  with  only 
a  little  plasma.  Between  these  is  observed  a  whitish-gray  layer  which 
consists  of  white  blood-corpuscles. 

The  plasma  thus  obtained  and  filtered  is  a  clear  amber-yellow  alkaline 
liquid  which  remains  fluid  for  some  time  when  kept  at  0°  C,  but  soon 
coagulates  at  the  ordinary  temperature. 


1  See  Latschenberger,  Wien.  Sitzungsber.,  105. 

1  Delezenne,  Compt.  rend.  Soc.  de  Biol.,  49;   Spangaro,  Arch.  ital.  de   Biol.,  82; 
Arthus,  Journ.  d.  Physiol,  et  Pathol.,  4. 
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The  coagulation  of  the  blood  may  be  prevented  in  other  ways.  After 
the  injection  of  peptone  or,  more  correctly,  proteose  solutions  into  the 
blood  (in  the  living  dog),  the  blood  does  not  coagulate  on  leaving  the  veins 
(Fano,  SchmiDt-Mulheim  ')•  The  plasma  obtained  from  such  blood  by 
means  of  centrifugal  force  is  called  peptone-plasma.  According  to  Arthus 
and  Huber  '  the  caseoses  and  gelatoses  act  similar  to  fibrin  proteose 
in  dogs.  The  coagulation  of  the  blood  of  warm-blooded  animals  is 
prevented  by  the  injection  of  an  effusion  of  the  mouth  of  the  officinal  leech 
or  a  solution  of  the  active  substance  of  such  an  infusion,  hirudin  (Fraxz), 
into  the  blood  current  (Haycraft  *) .  If  the  blood  is  allowed  to  flow  directly, 
while  stirring  it,  into  a  neutral  salt  solution — best  a  saturated  magnesium- 
sulphate  solution  (1  vol.  salt  solution  and  3  vols,  blood) — we  obtain  a 
mixture  of  blood  and  salt  which  remains  uncoagulated  for  several  days.  The 
blood-corpuscles  which,  because  of  their  adhesiveness  and  elasticity,  would 
otherwise  pass  easily  through  the  pores  of  the  filter  paper  are  made  solid  and 
stiff  by  the  salt,  so  that  they  may  be  easily  filtered.  The  plasma  thus  ob- 
tained, which  does  not  coagulate  spontaneously,  is  called  salt-plasma. 

An  especially  good  method  of  preventing  coagulation  of  blood  consists 
in  drawing  the  blood  into  a  dilute  solution  of  potassium  oxalate,  so  that 
the  mixture  contains  0.1  per  cent  oxalate  (Arthus  and  Pages  *).  The 
soluble  calcium  salts  of  the  blood  are  precipitated  by  the  oxalate,  and 
hence  the  blood  loses  its  coagulability.  On  the  other  hand,  Horne  6  found 
that  chlorides  of  calcium,  barium,  and  strontium,  when  present  in  large 
amounts  (2-3  per  cent),  may  prevent  coagulation  for  several  days.  Accord- 
ing to  Arthus  a  a  non-coagulable  blood-plasma  may  be  obtained  by  drawing 
the  blood  into  a  sodium  fluoride  solution  until  it  contains  0.3  per  cent  NaFl. 

On  coagulation  there  separates  in  the  previously  fluid  blood  an  insoluble 
or  a  very  difficultly  soluble  proteid  substance,  fibrin.  When  this  sepa- 
ration takes  place  without  stirring,  the  blood  coagulates  in  a  solid  mass 
which,  when  carefully  severed  from  the  sides  of  the  vessel,  contracts,  and  a 
clear,  generally  yellow-colored  liquid,  the  blood-serum,  exudes.  The  solid 
coagulum  which  encloses  the  blood-corpuscles  is  called  the  blood-clot 
(placenta  sanguinis).  If  the  blood  is  beaten  during  coagulation,  the  fibrin 
fcparates  in  elastic  threads  or  fibrous  masses,  and  the  defibrinated  blood 
which  separates  is  sometimes  called  cruor,7  and  consists  of  blood-corpuscles 

1  Fano,  Du-  Bois-Reymond's  Arch.,  1881 ;  Schmidt-Mulheim,  ibid.,  1880. 

'Arch,  dephysiol.  (5),  8. 

•Haycraft,  Proc.  Physiol.  Soc.f  1884,  13,  and  Arch.  f.  exp.  Path.  u.  Pharm.,  18; 
*W,  Arch.  f.  expt.  Path.  u.  Pharm.,  49. 

*  Archives  de  Physiol.  (5),  2,  and  Compt.  rend.,  112. 

•Journ.  of  Physiol.,  19. 

'  Journ.  de  Physiol,  et  Pharm.,  3  and  4. 

'The  name  enter  is  used  in  different  senses.  We  sometimes  understand  thereby 
only  the  blood  when  coagulated  in  a  red  solid  mass,  in  other  cases  the  blood-clot  after 
the  separation  of  the  serum,  and  lastly  the  sediment  consisting  of  red  blood-corpuscles 
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and   llllliill  IHUIIII      Defibrinated    blood    consists   of  blood-corpuscles   aacJ 
serum,  while  uncoagulated  blood  consists  of  blood-corpuscles  and  blooey- 
plasma.    The  essential  chemical  difference  between  blood-serum  and  blood- 
plasma  is  that  the  blood-scrum  dOOB  DOt  contain  even  traces  of  the  mother- 
BlibBtBDOB  of  fibrin,  the  fibrinogen,  which  exists  in  the  blood-plasma,  ancf 
the  Berom  is  proportionally  richer  in  another  body,  the  fibrin  ferment  (see 
page  14G). 

L    BLOOD- PLASMA  AND   BLOOD-SERUM. 
The  Blood-plasma. 

In  the  coagulation  of  the  blood  a  chemical  transformation  takes  place  in 

the  plasma.     A  part  of  the  proteids  separates  as  insoluble  fibrin.    The 

albuminous  bodies  of  the  plasma  must  therefore  be  first  described.     They 

as  far  as  we  know  at  present,  fibrinogen,  micleoprotcid,  serglobulins,  and 

seralbumin*. 

Fibrinogen,  which  according  to  Mathkws  *  has  its  origin  in  a  destruc- 
tion of  the  leucocytes,  especially  those  from  the  intestine,  occurs  in 
blood-plasma,  chyle,  lymph,  and  in  certain  transudates  and  exudates. 
It  has  the  general  properties  of  the  globulins,  but  differs  from  other 
globulins  as  follows:  In  a  moist  condition  it  forms  white  flakes  which 
are  soluble  in  dilute  common  salt  solutions,  and  which  easily  con- 
glomerate into  tough,  elastic  masses  or  lumps.  The  solution  in  Natl 
of  5-10  per  cent  coagulates  on  heating  at  52-55°  C,  and  tin-  faintly 
alkaline  or  nearly  neutral  weak  salt  solution  coagulates  at  56°  C,  or  at 
exactly  the  same  temperature  at  which  the  blood-plasma  coagulates. 
Fibrinogen  solutions  are  precipitated  by  an  equal  volume  of  a  saturated 
common  salt  solution,  and  are  fnmpletely  precipitated  by  adding  an  excess 
of  NaCI  in  substance  (thus  differing  from  serglobulin) .  A  salt-free  solution 
of  fibrinogen  in  as  little  alkali  as  possible  gives  with  CaCl2  a  precipitate  con- 
taining calcium  which  soon  becomes  insoluble.  In  the  presence  of  NaCI  or 
by  the  addition  of  an  excess  of  CaCl2  the  precipitate  does  not  appear.*  It 
differs  from  myosin  of  the  muscles,  which  coagulates  at  about  the 
temperature,  and  from  other  protcid  bodies,  in  the  property  of  being 
converted  into  fibrin  under  certain  conditions.  Fibrinogen  has  a  B 
decomposing  action  on  hydrogen  peroxide.  It  is  quickly  made  im 
precipitation  with  water  or  with  dilute  acids.5  Its  specific  rotation  is 
(a)P=  -52.5°  according  to  Mittelbach.4 

•which  in  obtained  from  deiibrinated  blood  by  means  of  centrifugal  force  or  by  lettii 
it  stand. 

1  Amor.  Journ.  of  Physiol.,  3. 

'  See  Hammarsten,  Zeitschr.  f.  physiol.  Chem.,  22;  Cramer,  ibid.,  23. 

1  In  regard  to  I  'ho  reader  is  referred  to  the  author's  investigations.     Pfli 

\rrhiv,  19  and  22,  and  Zeitschr.  f.  physiol.  Chem.,  28. 

*  Zeitschr.  f.  physiol.  Chem.,  19. 
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Fibrinogen  may  ho  easily  separated  from  the  salt-plasma  or  oxalate- 
plasma  h\  tatioo  with  an  equal  volume  of  a  saturated  Xat'l  rotation. 

t'-r  furiher  purification  the  precipitate  is  pressed,  n  dissolve.  1  in  an  S  per 
cent  salt  •  the  filtrate  precipitated  by  a  Batnrated-aalt  solution  as 

above,  and  after  proof]  m  this  way  three  times.  ■'  foftate  at 

ined  is  pressed  between  filter  paper  ami  finely  divided  in  water. 
The  t  amount  of  Nad  eon> 

tsined  in  itself,  and  the  solution  may  •  ■  salt-free  by  dialysis  with  very 

faintly  alkaline  water.     Fibrinogen  may  also,  according  h    ;  :  be  pre- 

paral  by  fractionally  precipitating  the  plasma  with  a  saturated  solution 
of  ammonium  sulphate.  We  have  no  inv(  st itr.it  ions  u  regards  the  purity 
of  the  fibrinogen  so  prepared.  From  transudates  we  ordinarily  obtain 
ft  fibrinogen  which  is  strongly  contaminated  with  lecithin  and  which  '-an 
hardly  lie  purified  without  decomposing  it.  The  methods  for  the  detection 
and  quantitative  <  <n  of  fibrinogen  in  a  liquid  were  formerly  based 

on  its  property  of  yielding  fibrin  on  the  addition  of  a  little  blood]  oi  Berum, 

fibrin  ferment.     B  ad  the  fractional  precipitat 

ammonium  sulphate  aa  a  quantitative  method.  The  value  of  thus  method 
has  not  been  sufficiently  tested. 

Fibrinogen    stands    in  close   relation  to    its  transformation  product. 

Fibrin  Is  the  name  of  that  proteid  body  which  separates  on  the  so-called 
spontaneous  coagulation  of  blood,  lymph,  and  transudates  as  well  as  in  the 
coagulation  of  a  fibrinogen  solution  after  the  addition  of  serum  or  fibrin 
ferment  (see  below). 

If  the  blood  is  beaten  during  coagulation,  the  fibrin  separates  in  elastic, 
■  masses.  The  fibrin  of  the  blood-clot  may  be  beaten  to  small,  less 
elastic,  ami  not  particularly  fibrous  lumps.  The  typical,  fibrous,  and 
elastic  white  fibrin,  after  washing,  stands  in  regard  to  its  solubility  close  to 
the  coagulated  proteids.  It  is  insoluble  in  water,  alcohol,  or  ether.  Tt 
expands  in  hydrochloric  acid  of  1  p.  m.r  as  also  in  caustic  potash  or  soda 
of  1  p.  m.,  to  a  gelatinous  mass,  which  dissolves  at  the  ordinary  tempera- 
ture only  after  several  days;  but.  at  the  temperature  of  the  body  it  dissolves 
niore  readily  although  still  slowly.  Fibrin  may  be  dissolved  by  dilute  salt 
solutions  after  a  long  time  at  the  ordinary  temperature  or  much  more 
feadily  at  40°  C,  and  this  solution  takes  place,  according  to  Arthus  and 
HtTBER  and  also  Dastre,1  without  the  aid  of  micro-organisms.  Accord- 
"Jg  to  Green  and  Dastre  *  two  globulins  are  formed  in  this  solution  of 
fibrin.  Fibrin  decomposes  hydrogen  peroxide,  due  to  a  contamination  with 
fctalase,  but  this  property  is  destroyed  by  heating  or  by  the  action  of 
alcohol. 


'W.  Reye,  Ober  Nachweia  und  Bcstimnuing  des  Fibrinogens,  Inaug.-Diss.,  Stress- 
or?, 1898. 

'Arthus  and  Hubcr,  Arch,  do  pkysiol.  {5),  5;  Dastre,  ibid.  (5),  7. 
'Green,  Joura.  of  Physiol.,  8;   Dastre.  1.  c. 
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What  li  i  d  I  t  'tin     nlnhilitv  of  fibrin  relates  only  to  the  typical 

fibrin  obtained  from  the  arterial  blood  of  -  ',■  or  man  b}*  whipping 

and  Hashing  first  with  water  and  with  common  salt  solution  and  then 
with  water  again.  The  blood  of  various  lands  of  animal*  yields  fibrin  with 
Bomewhat  different  pi  and  according  to  FEintr  '  pig-fibrin  dissolves 

muel  'y  iii  bydrocMorifl  add  Of  •"»  p.  m.  than  ox-fibrin.     Fibrins 

of  varying  purity  or  oti  from  blood  from  different  parts  of  the  bod} 

have  unlike  solubilities. 

The  6blin  obtained  by  beating  the  blood  and  purified  as  above  de- 
scribed k  a!  iitauiinated  I  blood-cor]  ins 
thereof,  and  also  by  lymphoid  cells.  It  CBS  onfv  be  obtained  pure  from 
!(•-!  plasma  or  Altered  transudates.  For  the  pure  |  ion,  as 
v..  II  ,  for  titative  estimation  of  fibrin,  the  spont;  coagu- 
lating  liquid  is  at  once,  or  the  Ban-spontaneously  coagulating  liquid 
only  after  the  addition  of  blood*eerum  or  fibrin  Ferment,  thorough 
beaten  with  a  whalebone,  and  the  separated  coagnlum  is  washed  first  in 
water  and  then  with  a  6  per  cent,  common  salt  solution,  and  again 
with  water,  and  finally  extracted  with  alcohol  and  ether.  If  the  fibrin  is 
allowed  to  stand  in  contact  with  the  blond  from  which  it  WB8  formed  for 
some  time,  it  partly  dissolves  (fibri 'noli/sis — Dastre  *).  This  fibrinolysis 
must  be  prevented  In  the  exact  quantitative  estimation  of  fibrin  (I ' 

A  pure  fibrinogen  solution  may  be  kept  at  the  ordinary  temperature 

il  putrefaction  begins   without  showing  a  trace  of  fibrin  coagulation. 

But  if  to  this  solution  is  added  a  water-washed  til .rin-elot  or  a  little  blood- 

serum.  it  immediately  coagulates  and  may  yield  perfectly  typical  fibrin. 

The  transformation  of  the  fibrinogen  into  fibrin  requires  the  present 

another  body  contained  in  the  blood-clot  and  in   the  serum.     This  body. 

Whose   importance    in    the   coagulation    of  fibrin    was   first   observed   by 

AN'.3  was    later   P  d    I)-.-  ALEXANDER  SCHMIDT4  and    desig- 

Ub-ferment  or  thrombin.     Tin  of  this  eti/.ymoti.  i;» 

not  rtained     with    certainty.     Although     many     investigators, 

especially  English,  consider  fibliB  I  as  a  globulin,  still  more  recent 

nts  of  Pi.Ki.tJiAici.No  and  others  show  that  it  is  a  nueleoproteid 

which    according    to    lb  i-kam  in     the    thymus    gland    pan  I 

i .  18 

ol    (5)(  5  and  6. 
' London  1  Otto,  1845,  M7.     Cit.  by  CfaunflSS,  Journal  of  Physiol.,  1879. 

•i  .  6;  see  also  SEur  Blutkhra,  1802,  and  Weitore  BeiMge  zur  Blut 

'  Pakelharing,  Verhaadd    I  Icon  Akad  -1  Weteoseh.  to  Amsterdam,  1893,  Dei 

p]  vst..i.,  9;  Wright,  Proc  Roy.  Iriah  Aw  I,  Th« 

Lancet,  1892,  and  On  Wooldridge'f  Method,  Bto  .  ad.  Journal.  LS01;  Ulien- 

tVM    I !  •••o.iT'il.  I'ntoreuch.,  Du  UoLs-Keymond 'a  Arch.,  r   LeukooytOJ)    and 

IMutficrinnun.fi,  ibid.;  Halliburton  and  lirodie,  Journal  of  Physiol  .  IT  and  18; 
kamp,  Zeitechr.  f.  physiol.  Chcm.,  .12;    Pekelhanng  and  HuUkamp,  ibuL,  39. 
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histon  and  partly  in  nnother  form.       Fibrin  ferment  is  prodttC 
according  to  Pxsjelhabing,  by  the  influence  of  soluble  caknurn  BtJti 

preformed    zymogr  in    the    non-coagulated    plasma.     Schmidt 

Admits  of  the  presence  of  stub  ■  iDOt]  o(  the  fibrin  ftnnaoi 

in  the  blood  and  ealLs  it  prothrombin.  Thrombin  corresponds  to  other 
enzrmrs  b  that  the  very  smallest  amount  of  it  produces  an  aetion  and 
itfleol;  I'omes  in;  i  i  heating.    Tin-  nrysstagatione  of  1  Vu> '  on 

the  velocity  of  coagulation  with  varying  quantities  of  thrombin  ha 
us  &  more  positive  proof  as  to  the  am  re  of  thrombin.     He 

found  that  at  least  within  certain  limits  an  increase  of  double  the 
quantity  of  enzyme  causes  an  increase  of  the  coagulation  velorit-  to  one 
awl  one  half  and  that  the  "in.-  of  tin-  thrombin  action  seems  to  stand  to 
ctae  relationship  to  the  rule  found  '  rz  for  the  digestive  enzymes. 

of  the  thrombin  actum  lies  at  about  40 
wurme  is  >d.     The  question  as  to  whether  it  ban  found  in 

^liffereot  animals  is  the  saio  nee  or  whether  we  find  BBVBTBJ  throm- 

bins has  not  been  decided,  but  the  latter  Ls  more  probable. 

isolation  of  the  fibrin-ferment  has  been  tried  in  several  ways. 

irily  it  may  be  prepared  by  the  following  method  proposed  by  Alex, 

■  i  •'     Precipitate    tin  serum  or  defibrinated  blood  With  l 

bol  and  allow  it  to  stand  a  feffl  months.     The  precipitate  B  then  filtered 

ilphorio  arid.    The  ferment  m  from  the 

powder  by  means  of  water.     <  rther  methods  have  been  suggested  by 

Ibu  and  by    PrkkLHARINO.* 

The  preparation  of  a    thrombin  solution  as  free  as  possible  from  lime 

\  removing  the  lime  salts  from  the  serum  bj  if  oxalate 

precipitatu  m  with  alcohol  and  all  ad  under 

dried  powder  is  rubbed  with  water  and 
from  soluble  salts  by  repeated  lixrviation  with  water  and  tin-  • 
ttotrifugal  force.    Thenalh  of  powder  to  stand  some  time  with 

filter,  and  in  this  way  obtain  ■  solution  which  coal 
only  alxnit  0.3-0.4  p.  m.  solids  and  about.  0.0007  p.  BL  I     0 

If  a  fibrinogen  solution  containing  salt,  as  abon  Us\ 

*ith  u  .solution  of  fibrin-ferment,  it  coagulates  at  the  ordinary  tempera- 
ture more  or  less  quickly  and  yields  a  typical  fibrin.     Hesides  tl 

ent  the  presence  of  neutral  salts  is  necessary,  for  without  them  Alkx. 

Iiown  that  fibrin  coagulation  does  not  take  place.   The  presence 

of  soluble  calcium  salts  Ls  not,  as  generally  admitted,  a  positive  condition 

be  formation  of  fibrin,  because  as  shown  by  Ai.kx.  .Schmidt,  PxKSL- 

Uxa  I  \MVAnsrr  v.'  thrombin  can  transform  fibrinogen  into  typical 

1  Hofmoiater'a  Beitrage,  2. 

i^er'a  Arch.,  «. 
' Hammarsten,  Pfluger's  Arch.,  IS;  Pekelharing,  1.  a 

4 See  Hamroareten,  Zcitadir.  f.  phyaiol.  Chera.,  22,  which  also  citoa  the  works  of 
Schmidt  and  Pekelharing,  and  ibid. . 
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fibrin  in  the  absence  of  lime  salts  precipitable  by  oxalate.  The  fibrin  is  not 
richer  in  lime  than  the  fibrinogen  (Hammaksten)  used  to  prepare  ir  if  the 
fibrinogen  and  thrombin  solution  are  employ,  |  g|  hme-free  as  possible  and 
the  view  that  the  fibrin  formation  is  connected  "with  a  taking  up  of  lime  has 
been  shown  to  be  untenable.  The  quantity  of  fibrin  obtained  on  coagula- 
tion is  always  smaller  than  the  amount  of  fibrinogen  from  which  the  fibrin 
is  derived,  and  we  always  find  a  small  amount  of  protein  substance  in  the 
solution.  It  is  therefore  not  improbable  that  the  fibrin  coagulation,  in 
accordance  with  the  views  first  proposed  by  Denis,  is  a  cleavage  process  ia 
which  the  Bobble  fibrinogen  is  split  into  an  insoluble  piofand,  the  fibrin, 
which  forms  the  chief  mass,  and  a  soluble  protein  substance  which  is  only 
produced  in  SB  OUtS.     We  find  a  globulin-like  substance  which  coagu- 

lates at  about  04°  C.  in  blood-serum  as  well  as  in  the  serum  from  coagulated 
fibrini  >gen  soluti* >nx.  This  substance  is  called  fibrin-globulin  by  1 
The  question  whether  this  substance  exists  in  the  fibrinogen  solution  as 
contamination  or  is  formed  as  a  true  cleavage  product  has  not  been  posi- 
tively decided,  ami  the  question  whether  in  the  fibrinogen  coagulation  & 
cleavage  takes  place  or  not  also  requires  further  investigation.' 

There  exist  also  other  views  in  regard  to  the  processes  of  coagulation  in  the 
formation  of  fibrin  which  are  even  less  positively  founded.  The  fact  that  the 
soluble  lime  salts  are  not  necessary  for  the  transformation  of  fibrinogen  into 
fibrin  is  not  in  oontrndii  tion  to  the  other  fool  thai  they  must  be  present  in 
the  coagulation  of  blood  or  plasma.  This  apparent  contradiction  may  be 
explained,  as  shown  later,  bj  the  special  condition  of  the  blood-] ilasma,  and 
we  must  not  overlook  the  fact  that  the  coagulation  of  the  blood  is  a  much 
more  coniplu  ;ited  process  than  the  coagulation  of  a  fibrinogen  solutioi 
inasmuch  as  the  first  involves  other  important  questions,  as,  for  ia 
the  reason  for  the  blood  remaining  Bind  in  the  body,  the  origin  of 
fibrin-ferment,  and  the  importance  of  the  form -elements  in  the  coagulation, 
etc.  A  fuller  discussion  of  the  various  hypotheses  and  theories  concern- 
ing the  coagulation  of  the  blood  must  therefore  be  given  later. 

Hucleoproteid.      This   substance,    which,   as   above  mentioned,  is    considered 
by  Pi  ■>'•  and  IRiskamp  as  identical  with  t  ombio  or  thrombin, 

ra  ia  the  blood-plasma  as  well  as  in  the  serum  ana  m  the 

latter  with  the  globulin.  It  is  similar  to  the  globulin  in  that  it  is  readily  soluble 
in  neutral  salt,  solution  and  can  be  completely  salted  out  on  saturation  with 
magnesium  be  and  only  separates  incompletely  on  dialysis.    It  is  much 

less  soluble  than  serglobulin  in  an  excess  of  dilute  acetic  acid  and  coagulates 
at  65-69°  C.     The  difficulty  of  solution  in  acetic  acid  is  used  by  I'f.kki  h 
as  an  important  means  of  separating  the  compound  prot<  i  he  irlobulins. 

Serglobulin,  also  called  paraglobulin  (Kvhm),  jibrinoplaslic  substance 
..  Schmidt),  serum-casein  (1'anum1),  occur  in  the  plasma,  serum. 

1  Sw  llammarsten,  Zeitechr.  I.  physiol.  Chem.,  28,  and  Heubner,  Arch.  f.  ccj 
Path.  u.  Pharni..  49. 

1  Kuhnc,  Lchrbuch  d.  physiol.  Chem..  Leipzig,  1860-68;  Al.  Schmidt,  Arch. 
Anat.  u.  Physiol. ,  1861-62;  Pauum,  Virchow's  Arch..  3  and  4. 
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r/ooph,  transudates  and  exudates,  in  tlu:  white  and  red  corpuscles,  and 
prot>ably  in  many  animal  tissues  and  form-eleCM  nt-.  thoqgfa  in  small  quan- 
It  is  also  found  in  the  urine  in  many  diseases. 
The  so-called  serglobulin  is  without  doubt  not  an  individual  substance, 
but  consists  of  a  mixture  of  two  or  more  protein  bodies  which  cannot  be 
compl  d   positively  separated  from  each   other.     The  mixture  of 

globulins  obtained  from  blood-plasma  or  blood-scrum  by  saturation  with 
magnesium  sulphate  or  half-saturation  with  ammonium  sulphate  consists 
of  nucleoproteid,  fibrin  globulin,  and  the  true  serglobulin  or  mixture  of 

The  nucleoproteid   has   already  been   discussed.    The  fibrin  globulin, 
which  occurs  in  the  serum  only  in  small  amouni.-..  ou  lie  eoniplctely 

..i(  i.  It  lias  the  general  properties  of  the  globulins,  but 
differs  from  the  serglobulins  by  a  lower  coagulation  temperature,  64- 
66°  C,  and  also  in  that  it  is  precipitated  by  (NH4),SO#  even  at  28  per  cent 

inn. 

If  the  globulin  obtained  by  saturation  with  magnesium  sulphate  is 
led,  then,  as  has  been    known    for   a   long    time  and  further  sub- 
stantiated by  ICarcpb,  only  a  part  of  the  globulin  separates  out,  while  a 
n   remains  in  solution   and  cannot  be  precipitated  by   the  addition 
Fof  this  reason  Makits  '  also  differentiate-  betWl  SB  I  water-si.' 
globulin  &'  uoluhle  in  water.     According  to  tin-  reoenl  hi 

tiou  of  Hokmkistkh  Bad  PICK1  the  part  insoluble  in  water  corresponds 
chiefly  to  a  globulin  fraction  readily  precipitated  by  (NlIt)2S(  )jl»y  28-36  vol. 
per  cent  saturated  solution)  and  the  part  soluble  in  water  corresponds 
to  a  more  difficultly  preeipitabk  Craetaon  (by  36-44  vol.  j>er  cent  satur- 
ated solution).  The  first  fraction  is  called  eugUbtttin  and  second  pseudo- 
■rding  to  Forces  and  Srmo  a  the  serglobulins  can  be  sepa- 
rated by  (XII  jjSO,  into  three  fractions  whose  precipitation  limits  are 
28-36,  33-42,  and  4(>-46  vol.  per  rent  saturated  solution.  All  three  frac- 
tions contain  globulin,  insoluble  in  water.  Fhkund  and  Joachim  «  have 
rwently  found  that  the  euglobulin  as  well  as  the  pseudoglobulin  fractum 
>s  a  mixture  of  globulin  soluble  in  water  and  globulin  insoluble  in  water 
*nd  consequently  the  number  of  different  globulins  in  the  serum  can  be 
•till  greater. 

It  follows  from  all  these  investigations  that  either  the  difference  between 

Jbe  globulin  soluble  in  watei  and  that  insoluble  t  on  that  the  frae- 

ipitation  with  ammonium  sulphate  is  not  suited  for  the  separation  of 

*e  various  globulins.     It  must  not  be  forgotten  that  the  globulin  fractions  ar» 

•lw&ys  contaminated  with  other  serum  constituents  and  that  they  may 

1  Zeitschr.  f.  physiol.  Chem.,  28. 
'  Hofmeister's  Beitrilge,  1. 
9  Ibid.,  3. 
*  Zeitschr.  f.  physiol.  Chem.,  80. 
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the  solubilities  and  precipitation  power.     As  Hammarsten  has  shown,  a  v.  it. 

ible  globulin  can  be  transformed  into  a  globulin  insoluble  in  water  by  careful 
pUI  ■■.:■:  ■:,  I  jrlofmlin  ins.  .luhlc  in  water  < ;: i ■  OM- 

nmee  be  converted  into  one  soluble  in  water  by  iHowing  i'  to  fa  in  the  us.    An 

•  luble  proleid  like  casein  can  also,  a©  0  HAKKASBROf.    have  the  solu- 

of  a  globulin  due  to  contamination  with  constituents  of  the  serum,  and 
EC  Moknkh3  has  also  shown  that,  a  contamination  of  the  serum  globulins  with 

soap  can  essentially  modify  the  precipitation  «>f  gheee  dobufina,  I'nder  these 
circumstances  the  above  statements  in  regard  to  the  different  globulin  fractions 
must  Ixi  accepted  with  great  raution. 

The  investigations  made  thus  far  upon  the  so-called  serglobulin  have 
not  led  to  any  positive  results.    That  this  globulin,  with  the  e  D  of 

enxymee,  immune  bodies,  and  other  unknown  substances  ■which  are 
carried  down  by  the  various  fractions,  is  a  mixture  of  globulins  there  seems 
to  !»•  no  doubt.  The  serglobulin  or  the  globulin  mixture  which  is  obtained 
from  the  serum  by  the  methods  to  be  described  has  the  following  proper- 

In  a  moist  condition  it  forms  snow-white  flaky  masses,  neither  tough 
nor  clastic,  which  always  contain  thrombin  and  hence  can  bring  about 
coagulation  in  i  fibrinogen  solution.  The  neutral  solution  is  only  biooav 
pletelv  precipitated  by  XaCl  added  to  saturation  and  is  not  precipitated 
by  an  equal  volume  of  B  saturated  salt  solution.  It  is  only  partly  precipi- 
tated bj  dialysis  or  by  the  addition  of  acid.  On  saturation  with  mag- 
nesium sulphate  or  one  half  saturation  with  ammonium  sulphate  a  com- 
plete    precipitation    is   obtained.     The   coagulation   t«  ;     e   is,   with 

5-]  rnt   NaCl  in  solution,  09-76°,  but   more  The 

BpBOififl  rotation  of  the  solution  containing  salt  is  («)d=  —  47.8° 
the  serglobulin  from  ox-Uood  <T  suiukicq  a).  The  various  globulin  frac- 
tion! do  not  differ  essentially  from  eaofa  Other  in  their  ci  m  U  ui- 
peratur  ic  rotation,  refract  ion  ffOffffimftltt  (REUS  ').  and  their  elemen- 
tary composition.  The  average  composition  is,  according  to  II  amm  \kstex, 
C  82.71,  H  7.01.  N  15.85,  8  III  per  cent.  K.  BfdBNi  B1  found  1.02  | 
cent  sulphur  anil  0.67  DSI  cent  lead-blackenim:  sulphur.  All  the  sulphur 
seems  to  exist  as  cystin. 

globulin  contains,  as  K.  IfdufBB  first  showed,  a  carbohydrate 
group  which  can  be  split  off.  Langstein  8  has  obtained  several  carbo- 
hydrates from  the  blood-globulin,  namely  dextrose,  la  an  animo  hexose 
not  identical  with  glucosamine,  and  probably  a   kevorotatory  aldose  and 

1 Sea  Ilammaratan,  Ergebnisse  d.  Physiol.,  1,  Abt.  I. 

*  Zcitschr.  f.  physiol.  Chom.,  S4. 

*  Hull.  Acad.  Uoy.  de  Iidg.  (2),  60.     In  regard  to  paraglobulin,  see  li&mmaxst 
Pfluger's  Arch.,  1?  and  18,  and  Ergcbnisso  d.  Physiol.,  1,  Abt  I. 

'  Uofmeister'a  Bcitnigc.  4. 

•  Zeitachr.  f.  physiol.  Chem.,  34. 
>  M  itnlbL  f-   Physiol.,  7;    Longs toiu,  Munch,  med.  Wochenachr.,  M 

1876,  aud  Witt   SiLz.-Ifer..  112,  Abt.  lib,  1903. 
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carbohydrate  acids  of  unknown  constitution.  It  has  not  been  shown 
whether  these  small  amounts  of  carbohydrate  are  derived  from  the  globu- 
lin or  from  other  contaminating  bodies.  According  60  Zanktti  the  bfood- 
serum  contains  a  glucoproteid,  and  the  investigation-  ..t  !■.;<  hholz  *  seem 
: ow  that  the  globulins  are  contaminated  by  a  glucoproteid. 

globulin  (the  euglobulin)  may  be  easily  separated  as  a  fine  floc- 
mknt  precipitate  from  blood-serum  by  neutralizing  or  making  faintly 
and  with  acetic  acid  and  then  diluting  -with  10-30  vols,  of  water.  1  w 
further  purification  this  precipitate  is  dissolved  in  dilute  common  salt 
solution,  or  in  water  by  the  aid  of  the  smallest  possible  amount  of  alkali, 
aad  then  reprccipitated  by  diluting  with  water  or  by  the  addition  of  a 
little  acetic  acid.  All  the  scrglolmlin  may  also  be  separated  from  the 
wrum  by  means  of  magiiesium  or  ammonium  saJphatej  in  these  cases  it. 
i«  difficult  to  completely  remove  the  salt  by  dialysis.  As  long  as  we  arc 
not  united  as  to  the  number  of  globulins  in  the  serum  it  is  not  necessary 
bod  of  separating  the  various  globulins  in  this  mixture.  Tim-; 
far  the  fractional  precipitation  with  (XI  l,)5S<  )t  has  been  used  chiefly.  The 
ecrglohulin    from    i  rum    is   always   contaminated    by   lecithin   and 

bin.  A  serglobulin  free  from  thrombin  may  be  prepared  from  fer- 
ment-free transudates,  as  sometimes  from  hydrocele  fluids,  and  this  shows 
that  serglobulin  and  thrombin  are  different  bodies.  For  the  detection 
anil  the  quantitative  estimation  nf  scrglolnilin  we  may  use  the  precipi- 
tation by  magnesium  sulphate  added  to  saturation  (Hammaksi  EH  >.  or  by 
an  equal  volume  of  a  saturated  neutral  ammonium-sulphate  solution  (H<u- 
Kauueb  and  Pohl  ').  In  the  quantitative  estimation  the 
precipitate  L-  collected  on  a  weighed  filter,  washed  with  the  salt  .solution 
onpli.  I  with  the  filter  at  about  115°C,  then  washed  with  boiling- 

iter,  so  as  to  completely  remove  the  salt,  extracted  with  alcohol  and 
«her,  dried,  weighed  and  incinerated  to  determine  the  ash. 

Seralbumins  are  found  in  large  quantities  in  blood-serum,  blood-plasma, 
lymph,  transudates,  and  exudates.  Probably  they  also  occur  in  Other 
animal  finals  and  tissues.  The  prnteids  which  pass  into  the  urine  under 
Pathological  conditions  coasist  largely  of  seralbumin. 

The  seralbumin  like  the  serglobulin  seems  also  to  be  a  mixture  of  at 
Wt  two  proteid  bodies.  The  preparation  of  crystalline  seralbumin  (from 
tofSfrserum)  was  first  performed  by  Girder.  It  crystallizes  with  diliiculty 
town  other  blood-sera  (Gbtjzbwska).  Even  from  horse-serum  only  a 
the  albumins  is  obtained  as  crystals,  and  it  is  also  possible  that 
)hous  albumin,  which  is  preciptiated  by  ammonium  sulphate 
*iih  difficulty,  represents  two  seralbumins  (Maxjmowitsch).  According 
•  statements  of  G0BBKR  ami  MlCHEL  it  seems  its  if  the  crystalline 
■Sialbumin  is  also  a  mixture,  but  this  is  disproved  by  reason  of  the  obser- 

1  SUnetti.  Chem.  Centrull.l.,  1898,  I,  624  ;  Kichholz,  Joum.  of  Physiol.,  23. 
'Htmmanten,  I.  c;  Tlofmeuter,  Kuudcr  auJ  I'ukl.  Arch.  f.  cxp.  Path.  u.  Phann., 
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vations  of  Schulz,  Wichmann  and  Krieger.1  We  know  nothing  as  to 
the  behavior  of  the  amorphous  fraction  of  the  seralbumin  in  this  regard. 
For  reason  of  the  different  coagulation  temperature  Halliburton  claims 
the  existence  of  three  different  albumins  in  the  blood-serum,  a  view  which 
has  been  disputed  from  several  sides  and  recently  by  Hodgardy.  Or 
the  other  hand,  the  older  investigations  of  Kauder,  as  well  as  the  more 
recent  of  Oppexheimer,*  seem  to  indicate  a  non-unit  nature  of  the  senu- 
bumins,  but  still  this  question  is  an  open  one. 

The  crystalline  seralbumin  may  perhaps  be  a  combination  with  sulphuric- 
acid  (K.  Morxer).  The  coagulated  albumin  obtained  from  the  aqueous- 
solution  of  the  crystals  by  the  aid  of  alcohol  has  nearly  the  same  elementary 
composition  (Michel)  as  the  amorphous  mixture  of  albumin  prepared  from 
horse-serum  (Hammarstex  and  K.  Starke  *).  The  average  composition  was 
C  53.06,  H  6.98,  X  15.90.  $  1.S4  per  cent.  K.  Morxer,  after  the  removal 
of  the  sulphuric  acid  from  crystalline  albumin,  found  1.73  per  cent  total 
sulphur,  which  probably  exists  only  as  cystin.  Laxgstetx  *  has  been  able 
to  split  off  a  nitrogenous  carbohydrate  (glucosamine)  from  crystalline  seral- 
bumin. The  quantity  was  so  small  that  the  question  is  stul  undecided 
whether  or  not  the  carbohydrate  was  not  a  contamination.  The  specific 
rotation  of  crystalline  seralbumin^  from  horse-serum  was  found  by  Michel. 
to  be  (a>p—  —  61-451.2°  and  by  Maximo  witsch  on  the  contrary  (a)D=  — 
47.47°. 

The  crystalline  and  amorphous  seralbumin  in  aqueous  solution  give 
the  ordinary  albumin  reactions.  The  coagulation  temperature  of  a  1  per 
cent  solution  poor  in  salts  ft?  about  505  C.  but  rises  with  the  quantity  of 
salt.  The  coagulation  of  the  mixture  of  albumins  from  serum  generally 
takes  place  at  7l>-$o°  C.  but  t*  essentially  dependent  upon  the  reaction  and 
the  amount  of  salt  present.  l"p  to  the  present  time  no  seralbumin  solution 
has  been  prepared  tree  from  mineral  bodies.  A  solution  as  tree  from  salts 
as  possible  does  not  coagulate  either  on  boiling  or  on  the  addition  of  alco- 
hol.    On  the  addition  of  a  little  common  salt  i:  coagulates  in  both  cases.5 

Seralbumin  differs  from  the  albumin  o£  the  white  of  the  hen's  egg  in 
the  following  particulars:  It  is  more  Jaevogyrate:  the  precipitate  formed  by 
hydrochloric  acid  easily  dissolves  in  an  excess  of  the  acid:  it  is  rendered 
Jess  insoluble  bv  alcohol. 


"-  la  r«jcuti  'jo  'JM  literature  co  tae  crystalline  seraubumias.  «e  Seoul*:  Die  Kristal- 
jaaaon  von  Eiwwss«off«i.  J«ja.  1**1 :  SLuumcwicseh.  Maiy"s  Jahrwber..  21.  Ix 

:  Halliburton.  Jours.  <si  Physiol.,  i  &a<i  7:  K*uic*r»iy.  CentrsibL  L  Physiol..  15» 
o*>3:  v  pp«mo»aier.  Ver annul,  a.  vcystol.  0«*seilstfh. .  B«?riin.  1902. 

:  Michel.  V-jraanuL  i.  soys. -awe.  Gewusca.  su  Wirscurg,  2>.  Xa.  3j  K.  Starke 
Maiy*  Jaar»-*cvr.  11. 

*  i.  M-.-nwr.  1.  c. :    Lamc«etn,  Uoimeiscer's  l^trijp;.  L 

1  In  :«ie»ru  :u  the  relationship  ot  aeucrai  salts  to  aeac  cuacuianoo,  see  J.  Starke* 
StrmtcKwr.  u.  G^musco.  :.  iiorph.  x  phvsioi.  ji  Munehen.  ISJ7- 


SERALBUMISS.  153 

In  preparing  the  seralbumin  mixture,  first  remove  the  globulins  accord- 
ing to  Johansson,  by  saturating  with  magnesium  sulphate  at  about  30°  C. 
Storing  al    tfl  temperature.     The  cooled  liltrat-. 

rystallized  salt  and  Ls  treated  With  acetic  add  M  that  it  contains 
about  1   p  The  precipitate  farmed  hi  liltered.  pressed,  dissolved 

to  water  with  the  addition  "f  alkali  to  neutral  reaction  and  the  solution 
freed  from  salt  by  dil  The  mixture  of  albumin  may   be  obtained 

in  i  solid  form  from  the  dialvzed  solution  by  either  evaporating  the  solu- 
tion at  a  gentle  temperature  or  by  precipitating  with  alcohol,  \\hi<-h  must 
be  quickly    removed.      BTAKKB1   has  HUggrsted   another   method,    which   Ls 

&bo  to  be  recommended.    The  crystalline  seralbumin  may  be  prep 
from  serum,  freed  from  globulin  by  half  saturating  with  ammonium  sul- 
phate, by   the  addition  of   more  salt   until  a  cloudiness  OO0UIB  and 
proceeding   according   to   the  suggestion   oi  n  and   Mil  m:i..     By 

icidifiratiori    with   acetic   arid  or  sulphuric  acid  the  crystallization 
hi  oonridarably  enhanced.1    in  the  detection  and  quantitative  estimation 

-albumin  the  filtrate  from   the  globulin  precipitated  with  magnesium 
wlpbate  can  be  heat.il,  after  acidification   with  ■  little  acetic  acid  if  neces- 
*iy.     The  quantity  of  seralbumin  is  best  calculated  as  the  dim  a 
between  the  total  pmteids  and  the  globulin. 

Summary  of  the  elementary  composition  of  the  above  mentioned  and  described 
protdds  (from  liorsc-blood) : 

C  H  N  8           0 

Rbrinogrn 52.93  6.90  16.66  1.25      22.26  (Hamhakst 

52.68  6.83  10.91  1.10       22.48 

■-globulin 52.70  6.98  16.06  " 

52.71  7.01  15.85  111       23.32 

**ilbumin 53.08  7.10  15.93  1.90       21.96  (Michel) 

I.AXGSTEIN*  '  has  also  detected  b  blood-serum  a  proteose-like  proteid 
>vbstancc  which  according  to  him  occurs  preformed  in  the  blood. 

The  Blood-serum. 

As  above  stated,  the  blood-scrum  is  the  clear  liquid  which  is  pressed  out 

by  the  contraction  of  the  blood-clot.     It.  dil/  liy  from  the  plasma  in 

the  absence  of  fibrinogen  and  an  abundance  of  fibrin  ferment.     Considered 

i  ly  the  blood-serum  contains  the  same  chief  constituents  as  the 

plasma. 

id-sermn  is  a  sticky  liquid  which  is  more  alkaline  towards  \\: , 

^n  the  plasma.    The  specific  gravity  in  man  Ls  1.027  to  1.032.  average 

The  color  Ls  often  strongly  or  faintly  yellow;    in  human  blood- 

■Wtim  it  Ls  pale  yellow  with  a  shade  toward?  green,  and  in  horses  it  h  often 

holier-yellow.     The  serum  is  ordinarily  clear;    after  a  meal   it   may  be 


'Johansson,  Zeitschr.  f.  physiol  Chem.,  »;   K.  Starke,  Maly's  Jahreeber..  11. 
'Sea  Hopkins  and  Pinkus,  Joum.  of  Physiol,  23;  Krieger,  t'l.r  die  DureUllung 
■oyWallinscher  tierischer  Eiweissstoffe,  I naug. -Dissert,  Stras&hurg,  1899. 
'Hofraeister's  Iieitrage,  3. 
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opalescent,  cloudy,  or  milky  white,  according  to  the  amount  of  fat  contained 
ocL 

Besides  the  above-mentioned  bodies,  the  following  constituents  are 
found  in  the  bloi'd-phiMiia  or  blood-serum 

Fat  occurs  from  1-7  p.  m.  in  fitting  animals.  After  partaking  of  fi>od 
the  amount  is  increased  to  ;•  greal  extent  Soaps,  cholegterin,  and  lec&kin 
arc  also  found.     Choi  DOfdlflg  To  II uirrm.K.  at  least  in  part. 

as  fatty-acid  esters  (serolin  according  to  Boudet). 

Sugar  seems  to  be  a  physiological  constituent  of  the  plasma  and  scrum. 
According  to  the  investigations   of  Aueles,  Ewald,  Kt  lz,  v.   Mj.hi- 
Pavt,  SSBOEN,  and  Mii'RA  '  the  sugar  found   is  dextrose.     9l9  ;as 

also  detected  lir-vulose  in  blood-serum  and  in  transudates  and  exudates. 
The  question  as  to  the  occurrence  of  other  varieties  of  sugar,  such  as  iao- 
maltose  (P.wy  and  Sim)  and  pentose  (Leplne  and  Boulud  '),  in  blood- 
serum  is  still  undecided.  Besides  sugar  the  blood-serum  contains,  as 
first  shown  by  J.  Otto,  also  another  reducing  non-fermentable  sub- 
stance. The  statements  of  Jacohskn,  IIenriques,  and  Binu,*  that  this 
suli-i.mce  is  jecorin  or  lecithin  sugar,  do  not  have  sufficient  foundation, 
while  the  occurrence  of  conjugated  glucuronic  acids  as  shown  by  the  in- 
vestigations of  P.  Mayer,  Lepine  and  Boulud,'  which  originate  perhaps 
f nui i  the  form-elements  has  been  positively  shown. 

Bernard  7  has  shown  that  the  quantity  of  sugar  in  the  blood  diminishes 
more  or  less  rapidly  on  leaving  the  veins.  Lepine,  associated  with  Bakral. 
hftfl  specially  studied  this  decrease  in  the  quantity  of  sugar  and  calls  it 
glycolysis.     Lepine  and  Baeb&L,  as  well  as  Arthus,  have  shown  that  this 

«  olysis  takes  place  in  the  complete  absence  of  micro-organisms.  It 
seems  to  be  due  to  a  soluble  glycolytic  nizt/me  whose  activity  is  destroyed 
by  heating  to  54°  C.  This  enzyme  is  derived,  according  to  the  above 
investigators,  from  the  leucocytes  and  is,  according  to  Lepine,"  delivered 


1  Zeitschr.  f.  physiol.  Chem .,  21,  where  Boudot  is  also  cited.  In  regard  to  the 
quantity  of  these  esters  in  bird  serum,  pee  Brown,  Amer.  Journ    of  Physiol  ,  2 

v.  Mering,  Du  Bols-Rcyrnond's  Archiv,  1877  (this  article  contains   nnmt 
ous  references);  SMgen,  l'llu^cr'a  Arch.,  M;   Miura.  Zeitschr.  f.  Biologie,  32. 

1  ForUchrtttc  d.  Mcdi/...  1902. 

*  Pavy  and  Siau,  Journ.  of  Physiol.,  26;  Lepine  ct  Boulud,  Compt.  rand.,  1.13,  135, 
and  IM. 

•Otto,  Pfluger'a  Arch.,  3u  (a  good  review  of  the  older  literature  on  sugar  in  the 
blood);  Jacobeen,  Cent  nil  1.1  f  Physiol  ,  •'.,  80S;  Henriques,  Zeitschr.  f.  phyaioL  Chem., 
23,   Bing,  SklCd   Arch.  f.  Phy.-i-il  ,  !• 

1  Mayer,  Zeitschr.  f.  phjrial  I  'hem. ,32;  Lupine  et  Boulud,  1.  c. 

'  Lecons  sur  lo  diabete.     Paris,  1877. 

•  In  regard  to  the  numerous  memoirs  of  Lepine  and  Lepine  et  Barrel,  see  Lyon 
medical.  62  and  63;  Compt.  rendus,  110.  112,  113,  and  180;  Lupine,  Lc  ferment  kIvco- 
lytique  et  la  pathogenic  du  diabete  (Paris,  1891),  and  Ilovue  anolytique  et  critiques 
des  travaux,  etc.,  in  Arch,  de  med.  exper.  (Paris,  1892);   Revue  do  medecine,  1S95; 
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from  the  pancreas  to  the  blood.  The  glycolysis  is,  according  to  Nasse, 
Rohmann  and  Spitzer,1  an  oxidation  which  is  produced,  according  to 
the  two  last-mentioned  investigators,  by  an  oxidation  ferment.  It  is 
surely  not  connected  with  the  survival  of  the  cells,  but  whether  it  is  a  vital 
or  a  post-mortem  process  is  not  decided.8  By  experiments  on  plasma- 
fibrin  Sieber  *  has  given  further  proof  as  to  a  glycolysis  produced  by 
enzymes  of  the  blood.  There  was  obtained  from  the  plasma-fibrin  of  some 
normal  and  some  immunized  animals  three  different  oxidation  enzymes  which 
decomposed  dextrose  by  taking  up  oxygen  and  forming  carbon  dioxide. 

The  blood-plasma  and  the  serum  as  well  as  the  lymph  also  contain 
enzymes  of  various  kinds.  According  to  Rohmann,  Bial,  Hamburger,* 
and  others,  diastases,  which  convert  starch  and  glycogen  into  maltose  or 
isomaltose,  as  well  as  a  maltoglucase  are  found  in  the  blood.  Hanriot 
has  detected  a  lipase  in  the  serum  which  decomposes  butyrin,  and  which,. 
according  to  him,  decomposes  neutral  fats  and  other  esters.  The  occur- 
rence of  a  butyrinase  is  generally  admitted,  while  the  property  of  this  lipase 
of  splitting  olein  and  other  neutral  fats  is  not  generally  acknowledged  ■ 
(Abthus,  Doyon  and  Morel  8).  This  lipolytic  property,  which  if  it  exists 
to  the  extent  that  Hanriot  ascribes  to  it,  must  not  be  confounded  with  the 
observations  first  made  by  Cohnstein  and  Michaelis  and  further  studied 
by  Weigert  ■  on  the  transformation  of  fat  into  unknown  substances 
soluble  in  water.  The  occurrence  in  the  blood-serum  of  a  weak  pro- 
teolytic enzyme  whose  action  is  prevented  by  an  anti-body,  as  shown 
by  Delezenne  and  Pozerski,  has  been  confirmed  and  further  studied 
by  Hedin.7 

besides  the  above-mentioned  enzymes  and  thrombin  several  other 
en2ymes  have  been  found  in  the  blood-serum,  namely,  rennin  and  trypsin, 
^d  also  the  corresponding  anti-enzymes.  We  cannot  enter  into  the  dis- 
cussion  of  these,  nor  of  the  many  not  chemically  characterized  bodies  which 

Arthus,  Arch,  de  Physiol.  (5),  3,  4;  Nasse  and  Framm,  Pfluger's  Arch.,  63;  Paderi, 
^ly'B  Jahreeber.,  26;  see  also  Cremer,  Physiologie  dee  Glykogens  in  Ergebnisse  d. 
Pl»y8iol.,  1,  Abt.  I. 
1  See  Chapter  I. 

*  See  Arthus,  L  c;  Colenbrander,  Maly's  Jahreeber.,  22;  Rywosch,  Centralbl.  f. 
^ysiol.,  11,  495. 

*  Zeitschr.  f.  physiol.  Chem.,  39. 

*  Rohmann;  Rohmann  and  Hamburger,  Ber.  d.  deutsch.  chem.  Oesellsch.,  25  and 
"  I  Pfluger's  Arch.,  52  and  60;  Bial,  Ueber  das  diast.  Ferm.,  etc.,  Inaug.-Diss.  Breelau, 
ls^2  (older  literature).    See  also  Pfluger's  Arch.,  52,  54,  and  55 

*  Hanriot,  Compt.  rend.  Soc.  biol.,  48  and  54.  Compt.  rend.,  123  and  132.  Arthusr 
'°Um.  de  Physiol,  et  de  Pathol.,  4;  Doyon  and  Morel,  Compt.  rend.  soc.  biol.,  64; 
***bard  and  Clerc  (Lipase  in  disease),  Compt.  rend.,  129,  and  Arch.  d.  Med.  exper.,  14. 

'Cohnstein  and  Michaelis,  Pfluger's  Arch.,  65  and  69;  Weigert,  ibid.,  82. 
'Delesenne  and  Pozerski,  Compt.  rend,  de  la  soc.  biolog.,  55;   Hedin,  Journ.  of 
Physiol.,  SO. 
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been  called  toxins  and  antitoxins,  immune  hodies,  alexins,  hemoly- 
sins, cytotoxins,  etc.  It  is  also  not  within  the  scope  of  this  book  to  discuss 
the  precipitins  which  can  be  used  as  a  biological  reagent  on  account  of 
their  action  upon  various  proteids.  It  may  be  sufficient  to  state  that 
the  works  of  Bordet,  Ehrlicii,  Wassermaxx,  Schutze,  I'hlexhaut,1  and 
others  have  shown  that  the  repeated  injection  into  an  anitnal  of  a  foreign 
proteid  body  or  of  blood  of  a  different  species  of  animal  so  changes  the 
blood  of  this  animal  that  it  acquires  precipitating  properties  towards  | 
injected  proteid  or  the  blood.  In  this  manner  m  obtain  a  biological  reagent 
for  various  proteids  and  for  blood  of  differeni  animals.  This  last  behavior 
has  become  of  great  forensic  importance,  due  to  the  work  of  Uhlexhait. 
The  various  enzymes  and  anti-enzymes,  toxins,  and  aim  in  .  precipitins 
etc.,  are  as  a  rule  precipitated  with  the  globulin,  but  differ  amongst  each 
other  by  some  being  carried  down  by  the  euglobulm,  while  the  others 
carried  down  by  the  pscudoglobulin  fraction. 

Among  the  bodies  which  arc  found  in  the  blood,  and  without  doubt 
met  with  in  smaller  or  greater  amounts  in  the  plasma,  are  to  be  men! 
urea,  Wic  acid   (found    in   human    blood    by    ABELE&),   phosphocarnic  acid 
(Panella  j),    creatitii,    enrhatve   Qffid,   ;  ml    hippuric    i 

Under   pathological   conditions  the  Following   bochea  have  been  found: 

Xanthine  ■  ucin,  tyrosin,  and  biliary  constituent*. 

The  coloring-math  rs  of  the  blood-serum  are  very   little  known.      In 
equine  blood-serum  biliary  coloring-matters,  bilirubin,  besides  other  color- 
ing-matters, often  0OOUr.     The  yellow  coloring-matter  of  the  serum  seems 
belong  to  the  group  of  luteins,  which  are  often  called  lijx>chromes  or  fat- 
iring  matters.    From  ox-eerum  Km  itft 

liohoi  a  so-called  lipochrome  whose  .solution  shows  two  absorptao 

hands,  of  which  one  sncklBeB  the  line  F  and  the  other  lies  between  F  and  I 

The  mineral  bodiet  in  serum  and  plasma  are  qualitatively,  but  not 
quantitatively,  the  same.  A  part  of  the  calcium,  magnesium,  and  phos- 
phorifl  acid  fa  removed  on  the  coagulation  of  the  fibrin.  By  means  of 
diaiyaa  the  presence  of  sodium  chloride,  which  forms  the  chief  mass  or 
60  70  per  cent  of  the  total  mineral  bodies,  also  lime  salts,  sodium  car- 
bonate, besides  traces  of  .sulphuric  and  phosphoric  acids  and  potassium, 
may  be  directly  shown  in  the  serum.*    Traces  of  silicic  .  orine,  i  op- 

pcr.  iron,  manganese,  and  ammonia  are  olaimed  to  have  been  found  in  the 
serum,  inmal  ilui<l ,  the  chlorine  and  sodium  are  in  the  Mood* 

phoric  acid  and  potassium  (the  occurrence  ••!" 


1  The  literature  on  this  subject  may  be  found  In  b  Otfl  iologioa]  journals  and  works. 
J  Abelea,  Wicn.  rood.  Jahrb.,  1887;   Panel  la  cited  from  Yin-how's  Jalircsbex.  f.  1902, 
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Ugsbei   '1   Jen    '  f.  Med.,  1885. 

*  See  Gurber,  Verhandl.  d.  pyhs.-med   Gesellach.  zu  Wurzburg,  23. 
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which  in  the  scrum  is  even  doubted).    The  acids  present  in  the  ash  ore  not 
suifi\  :  aturate  the  bases  found,  a  condition  which  shows  that  a  part 

of  the  bases  is  combined  with  org:>  ranees,  perhaps  proteuls.     This 

coincides  also  with  the  fact  that  the  great  part  of  the  alkalies  does  not 
in  the  serum  as  diffusible  alkali  compounds,  carbonate  and  phosphate, 
but  as  non-diiTu.-ibl"  compounds,  proteid  combination.    According  to  Ham- 
| -or  cent  of  the  alkali  of  the  serum  from  boose4>Iood  was  dif- 
fusible and  G3  per  cent  non-diffusible. 

dino  is  also  ronsidrred  U  a  mineral  constituent  of  the  plasma  or 
serum    because    it    IIMlllllll    to    be   habitually  found  (Gi.kv    and    BotH 
an  1   arsenic,  which  is  not  found   in   all  blood  but  only  in  human  blood 
!,  Bourcet7),  is  aiao  considered  as  a  mineral  constituent  of  the 
blood.     Iodine  occurs  to  a  gr<  <  nt  in  human  blood  than  in  other 

bloods    and   does  not   exist    as  a   salt,   but   as    an    organic    compound 
it). 
The  gases  of  the  blood-serum,  which  consist  chiefly  of  carbon 

it  tie  iiiti<  ■-..■,'  gen,  will  be  describod  when  muting  of 

the  gases  of  the  blood. 

Because  of  the  difficulty  of  obtaining  plasma  only  a  few  analyses  have 
been  made.  As  an  example  the  results  of  the  analyses  of  the  blood-plasma 
of  the  bone  will  be  giv  The  analysis  No.  1  was  made  by   Hfl 

No.  2  is  the  average  of  the  results  of  three  analyses  made  by 
Hammarstln.    The  figures  are  given  in  1000  parts  of  the  plasma. 

No.  l.         V..  2. 

Water 908.4 

Solid* 91.6  83.4 

»1  proteiuV                  77  0  59  B 

Fibrin                     10.1  6.5 

Globulin                                                38.4 

Seralbumin                       24 .6 

Fat,  1.21 

Extractive  substances 401  1oa 

Boinble  sake                                                6.4  '  "** 

Insoluble  sal  to 1 .7  J 

Abderhalden  has  made  complete  analyses  of  blood-serum  of  several 
domestic  mammals.  From  these  analyses  as  well  as  from  those  made  by 
Haumarstkn  of  the  serum  from  human,  horse,  and  ox-blood  it  follows  that 

ordinarily  v  I  ween  70-97  p.m.   The  chief  uv 

the  s  of  proteids,  about  55-S-l  p.  m.      In  hens  Hamvaussten 

wit  values,  namely,  54  p.  m.  solids  with  only  39.5  p.  m.  pv 
rton  found  only  25  I  p.m.  proteid  in  frog's  blood.    The 
lin  and  seralbumin  is,  as  shown  by  the  analyses  of 


'  In  regard  to  method,  see  Arch.  f.  (Annt.  u.)  Physiol.,  1898. 

!»'    r 1  .  150;  Bourcet,  ibid.,  131;  Gauticr,  ibid.,  131. 

■  jrup-Resanez's  Lehrbuch  der  pbysiol.  Chem.,  4.  Aufl.,  346. 


158  Till-    BLOOD. 

Hammarsten,  Halliburton,  and  Rubbrecht,1  very  different  for  various 
animals,  but  may  also  vary  considerably  in  the  same  species  of  animal.  In 
human  blood-serum  Hammarstkx  found  more  seralbumin  than  globulin,  and 
the  relationship  of  serglobulin  to  seralbumin  was  as  1:1.5.  In  regard  to 
the  quantity  of  the  remaining  organic  constituents  of  the  serum  we  refer 
the  reader  to  Aiiderhalden's  complete  analyses. 

The  quantity  of  minora]  bodies  in  the  serum  has  been  determined  by 
many  investigators.       The  conclusion  drawn  from  the  anii1 
exists  a  rather  close  correspondence  between  human  and  animal  blood- 
serum,  and  it  is  therefore  sufficient  to  give  here  the  analysis  of  C  Schmidt' 
of  (1)  human  blood,  and  BUNQBAOd  Aiidlkiialii  nun 

of  ox,  bull,  sheep,  goat,  pig,  rabbit,  dog,  and  cat.  The  results  correspond 
to  1000  parts  by  weight  of  the  scrum. 

l  2 

K,0 0. 387-0  401  0. 22*5-0. 270 

Na/> 4.290-4  290  4.251-4.442 

0 3.665-3  669 

CaO 0   153  0  <>  110-0  131 

Mrf"> i 0.101 0.040-0.046 

P}0,  (inorg.) 0.052-0  085 

Even  if  we  bear  in  mind  that  certain  bodies,  such  as  carbon  dioxide, 
are  driven  off  during  incineration  and  that  other  bodies,  such  as  sulphuric 
acid  anil  phosphoric  acid,  are  formed  from  sulphurized  and  phosphorized 
organic  substances,  > t ill  quantitative  analyses  like  the  above  arc  not 
suflieient  for  the  scientific  demands  of  to-day.  They  do  not  show  the 
true  composition  and  do  not  especially  give  an  explanation  of  the 
number  of  different  ions  present  in  the  serum  or  in  other  fluids,  a  fact 
which  Eb  of  the  greatest  physiological  importance.  An  answer  bo  these 
question-  U  only  obtainable  by  physico-chemical  investigations,  which 
have  thus  f.-ir  been  used  in  determining  the  molecular  eoncc  the 

amount  of  clectndytca  and  non-electrolytes,  and  the  degree  of  dissociation. 

The  molecular, or  as  Hamburger  calls  it,  the  0BllU>tic  concentration  which  v* 

the  total  number  of  molecules  and  ions  in  the  liter,  is  measured  by  the  osmotic 

a 

pressure,  and  it  may  be  expressed  by  if  we  make  use  of  the  depression  of  the 

fnrczin£-|M>iiit  (J)  instead  of  the  osmotic    prefl  lire, as  every  molecule  or  ion 

M  in  1  liter  of  water  causes  a  depression  of  the  freezing-jK>int  of  1.85°. 

The  average  depression  of  the  freezing-point  of  human  blood-serum  is 
J  =—  0.526°,  and  it  seems  as  if  it  is  a  little  lower  than  the  sera  - 
mammals  that  have  been  investigated:  horse  —0.560°  to  sheep  —0.619°. 
The  molecular  concentration  of  the  blood-serum  of  various  mammal*  afao 

1  Abderhalden,  Zeitachr.  f.  physiol.  Chem.,  25;    Hammarsten,  I'fluger's  Arch.,  17; 
irton,  Journ.  of  Physiol.,  " ;   Itubbrecht,  Travaux  du  laboratoire  de  l'institut 
de  [livsiologiede  Liege,  5,  1896. 

Hit.  from  v.  Gorup-Besanez'i  Lehrbuch  der  physiol.  Ctiem.,  4.  Aufl.,  439. 
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differs  only  slightly  in  each  case  according  to  Bugarsky  and  Tangl1  and 
unounts  on  an  average  to  about  0.320  Mol  per  liter.  The  average 
freezing-point  depression  corresponds  closely  to  a  common  salt  solution  of 
9  p.m.  (J=-  —0.551°  to  —0.561°),  and  at  present  such  a  solution  is  con- 
sidered as  a  physiological  salt  solution  for  man  and  other  mammals. 

The  conditions  are  otherwise  with  sea  animals  which  live  in  a  medium 
rich  in  salts.  According  to  Bottazzi  the  blood  (or  the  fluid  of  the  cavities) 
of  invertebrate  sea  animals  has  an  osmotic  pressure  which  corresponds  to 
in  average  freezing-point  depression  of  J=—  2.29°,  i.e.,  exactly  the  same 
as  the  sea-water  in  which  they  live.  In  the  cartilaginous  fishes  nearly  the 
same  conditions  exist,  while  in  the  Teleostei  the  osmotic  pressure  is  much 
lower  than  the  sea-water,  but  is  about  one-half  greater  than  the  blood 
of  land  vertebrates.  The  Teleostei  are  the  first  in  the  scale  of  development 
of  animals  to  show  an  independence  of  the  osmotic  pressure  of  the  inner 
milieus  and  the  surrounding  media. 

There  is  rather  an  abundance  of  investigations  on  the  changes  in 
the  osmotic  pressure  or  the  molecular  concentration  of  the  blood-serum 
under  various  physiological  conditions  as  well  as  in  disease,  but  still  it  is 
no  doubt  too  early  to  draw  any  certain  conclusions  from  these  observa- 
tions. 

As  seen  from  the  above,  blood-serum  may  contain  electrolytes  as  welt 
as  non-electrolytes.  Of  the  latter  the  proteids  and  also  sugar,  fat,  lecithin> 
urea,  and  the  so-called  extractive  bodies  are  of  the  greatest  importance. 
The  electrolytes  are  the  various  ions  and  the  undissociated  molecules  of 
the  salts  of  the  serum.  The  electrolytes  are  the  only  constituents  of  the 
^nim  which  conduct  the  electric  current,  while  the  non-electrolytes  retard 
*«e  conductivity.  The  degree  of  dissociation  can  also  be  calculated  from 
">e  determination  of  the  conductivity  of  the  blood-serum. 

In  accordance  with  Hamburger  *  we  make  use  here  of  the  two  terms,  die- 

^ciation  coefficient  and  dissociation  degree,  as  signifying  the  same.    This  is  not 

£prrect,  but  it  should  be  called  dissociation  degree  instead  of  dissociation  coefficient. 

■^he  dissociation  coefficient  i  is  expressed  by  the  formula  i -l  +  a(k  —  1),  in  which 

a  represents  the  dissociation  degree  and  k  the  number  of  ions  into  which  each 

Molecule  is  split. 

,      The  coefficient  of  dissociation  is,  according  to  Arrhenius,  the  relationship 

between  the  number  of  ions  in  a  solution  and  the  number  of  ions  which  would 

**©  present  if  the  electrolytes  were  completely  dissociated.     As  the  conductivity 

°f  a  solution  of  electrolytes  is  determined  by  the  number  of  ions  (admitting  that 

the  migration  velocity  of  the  ions  is  the  same  for  different  dilutions),  the  above 

Av 
coefficient  a  can  be  calculated  by  the  formula  a  —r- .     In  this  formula  Jv  repre- 

*ents  the  conductivity  of  the  original  dilution  (i.e.,  of  the  undiluted  serum)  and 

'In  regard  to  the  literature  on  this  subject  we  refer  to  Hamburger,  "Osmotncher 
Druck  und  Ionenlehre,"  from  which  the  author  obtained  most  of  the  facts  given.  See 
also  Hober,  "  Physikalische  Chemie  der  Zelle  und  der  Gewebe." 

'  Oamotischer  Druck  und  Ionenlehre,  480,  481. 
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J<x>    the    conductivity    of    the    completely    dissociated    molecules    (ions) 
sufficiently  strong  dilution  of  the 

According  to  the  above  principle  the  degree  of  dissociation  of  sen 
determined  by  several  investigators,  especially  Bugab 
Tanql,  I  »Ki:K-Jii.()M,  and  VlOLA.  This  last  investigator  found  that 
dissocial  ion  degree  of  Uu  blooi  i-s.-rum  of  healthy  human  beings  was  equal 
0.6&-O.73.  According  to  Haububotb  the  results  thus  obtained  exjx 
mentally  must  be  a  little  too  low  for  certain  reasons,  and  we  therefore  c 
OOnsider  the  disswiation  coefficient  to  be  between  0.65  and  0 


As  above  Itetedj  the  non  electrolytes  have  a  retarding  action  upoi 
doctivity,  and  according  t<>  Buqabsky  and  Tanol  each  nam  of  proteid 
cc.  ol  asram  diminishes  the  electrical  conductivity  of  the  serum  sboul  _'.' 
By  making   iisr  <<i   iln>   fact    the  corrected    conductivity  <>t'  the 
iriil'  be  determined  from  the  conductivity.    The  ted  a 

duett*  parti)  dependent  apon  the  chlorides  and  partly  upon  the  aciduria 

i<h   are   nearly   identical   with  the  quantity   of    NaJ. '<>,).      If   the   amount 

l  1  of  toe  aeruxn  rminad  by  anajyaii  we  can  calculate  the  condui 

of  the  achloridee  by  subtracting  the  ™ leu li i\ «■*«!  conductivity  of  a  solution 

!  of  similar  Qonoentration  (which  can  he  done  ac ding  to  Koi 

method)  from  the  total  corrected  conductivity.    From  these  results  we  c 

date  the  molecular  concentration  of  the  chlorides  and  the  aohlorides. 
sum  df  these  two  is  subtracted  from  the  molecular  concentration  of  the 
when  the  molecular  concentration  of  the  ron-electrolytea  is  obtain 

l'i  oaicsky  and  Te.i  i.  have  made  physico-chemical  analyses  of  bl 
Serum  of  certain  mammals  aoOOlding  to  t he-*  principle  given  above. 
found  that  the  molecular  concentration  was,  on  an  average,  about  0.3 
per  liter,  that  about  three -foui ths  of  the  total  dissolved  molecu! 
of  blood-serum  were  electrolytes,  although  the  serum  oontained  nbo 
1  0  ]).  m.  proteid  and  10  p.  m.  inorganic  bodies,  and  also  that  tbn 
fourths  of  the  electrolytes  wereNaCl.  Viola  and  Bousquet  have  record 
li  complete  osmotic  chemical  analyses  of  blood-serum  of  diseased 
healthy  human  beings,  making  use  of  methods  somewhat  different  10  p 
ciple. 

In  the  deteraunation  of  the  alkalinity  of  blood  and  bl  "  EB  u 

present  tame  in  have  estimated  the  amount  of  alkali  by  titration 
an  acid.     We  cannot  dl-i  th such  determination  although  tfai 

Dot  yield  any  ini  H-n^tion  as  to  the  true  alkalinity,  apart  fn.mthefat 
the  results  are  dependent  upon  the  Endioatoi  we  und<  i 

as  true  alkalinity    the  concentration   of   the  hydroxy]   ions.     The  Xa, 
is  in  aqueous  soil]  re  or  less  dissociated  into  Xa,+  and  COs~.  depe 

in?;  apon  the  dilution.     The  COs"  ions  combine  partly  with  the  H  +  ic 
of  the  disBOoiated  water,  forming  HCO,~,  and  the  corresponding  Oil-  i 

alkaline  reaction.     If  now,  by  the  addition  of  a  little 
few  of  the  HO-  ions  are  removed,  then  the  equilibrium  is  disturbed,  u 
quantity  of  Ma,CO,  is  dissociated,  and  this  process  is  repeated  every 
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s  new  quantity  of  acid  is  added  until  all  the  carbonate  is  dissociated.  The 
dissociation  of  the  carbonate  existing  in  the  original  concentration,  upon 
which  the  number  of  0H~  ions  is  dependent,  cannot  therefore  be  determined 
by  titration.  For  these  reasons  Hober  has  worked  out  a  physico-chemical 
method  of  determining  alkalinity,  based  upon  Nernst's  theory  of  liquid- 
chains.  This  method  was  used  later  by  Farkas  and  by  Franckel  after 
*  few  changes.  The  investigations  of  these  last-mentioned  experimenters 
show  that  the  concentration  of  the  hydroxy  1  ions  in  blood-serum  and 
blood  is  nearly  the  same  as  in  distilled  water,  and  that  these  fluids  are 
nearly  neutral  in  behavior,  which  fact  is  caused  by  the  presence  of  carbonic 
acid.  Friedenthal,1  by  testing  serum  with  phenolphthalein,  came  to 
similar  results.  Hober  *  has  found  recently  by  using  his  improved  method 
that  the  concentration  of  the  hydroxyl  ions  in  the  blood  is  about  1-21*-7,  or 
1  a  little  greater  than  in  the  purest  water.  The  quantity  of  hydroxyl  ions 
is  dependent  upon  the  carbon-dioxide  pressure  and  sinks  with  an  increased 
CO,  tension.  With  an  equally  great  CO,  tension  the  normal  uncoagulated 
blood  contains  the  same  amount  of  hydroxyl  ions  as  the  defibrinated  blood. 

H.  THE  FORM-ELEMENTS  OF  THE  BLOOD. 

The  Bed  Blood-Corpuscles. 

The  blood-corpuscles  are  round,  biconcave  disks  without  membrane  and 

nucleus  in  man  and  mammalia  (with  the  exception  of  the  llama,  the  camel, 

*nd  their  congeners).     In  the  latter  animals,  as  also  in  birds,  amphibia,  and 

fishes  (with  the  exception  of  the  Cyclostoma),  the  corpuscles  have  in  general 

*  nucleus,  are  biconvex  and  more  or  less  elliptical.    The  size  varies  in 

Cerent  animals.     In  man  they  have  an  average  diameter  of  7  to  8  p 

0*= 0.001   mm.)  and  a  maximum  thickness  of  1.9//.     They  are  heavier 

than  the  blood-plasma  or  serum,  and  therefore  sink  in  these  liquids.     In 

the  discharged  blood  they  may  lie  sometimes  with  their  flat  surfaces  together, 

forming  a  cylinder  like  a  roll  of  coin  (rouleaux).     The  reason  for  this  is 

Unknown,  but  as  it  may  be  observed  in  defibrinated  blood  it  seems  probable 

that  the  formation  of  fibrin  has  nothing  to  do  with  it. 

The  number  of  red  blood-corpuscles  is  different  in  the  blood  of  various 
*Uimals.  In  the  blood  of  man  there  are  generally  5  million  red  corpuscles 
***  1  c.nim.,  and  in  woman  4  to  4.5  million. 

The  blood-corpuscles  consist  essentially  of  two  chief  constituents,  the 
8troma,  which  forms  the  real  protoplasm,  and  the  intraglobular  contents, 
"whose  chief  constituent  is  haemoglobin.  We  cannot  state  anything  posi- 
tive for  the  present  in  regard  to  a  more  detailed  arrangement  and  the 
"Wews  on  this  subject  are  more  or  less  divergent. 

'Hober,  Pfliiger's  Arch.,  81;    Farkas,  see  Biochem.  Centralbl.,  1,  626;  Franckel, 
Auger's  Arch  ,  96;  Friedenthal,  Zeitschr.  f.  allg.  Physiol.,  1. 
•Pfliiger's  Arch.,  99. 
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According  to  Hambtogeii  the  stroma  forms  a  protoplasmic  Ml  in  whoso  meshes 
there  exists  a  red  fluid  or  semi-fluid  mass  which  consists  in  great  measure  of 
hemoglobin.  This  mass  represents  the  trttsr-attrsot&nfl  farm  of  the  blood 
corpuscles,  and  bnridei   klufl  if  is  slqp  oo  d   that  the  outer  protoplasn 

U'lindary  is  semi-permeable,  i.e.,   Pflfamblo   to   water  but  not    permeable   (Of 
certain  crystalloids.     This  view  is  iiard  to  reconcile  with  the  invert ig; 
Mm .1. kit.  Sikwakt,  and  Okek-Bi.om  '  on  hemolysis  and  the  change*  in  tl .. 
trie  oondnt tivity  of  laky  bloods.     According  to  Hollrtt  the  erythrocytes  tt 
of  a  hyalirn  ,nd  an  "endosoma"  (Biutkf.'s  BOOld)  containing  htei 

The  haemoglobin  is  fixed  to  the  endosoma  and  the  electrolytes  lo  the  stroma. 

The  red  blood-corpuscles  retain  their  volume  in  a  salt  solution  which 
has  the  same  osmotic  pressure  as  Iho  serum  of  thi  Same  blood  although 
they  may  change  their  form   in  such  solution-,  becoming  DX>1  ical, 

and  may  also  undergo  a  chemical  change  (Hamburger,  Hedik,  and  others). 
Such  a  salt  solution  is  isotonic2  with  the  blood-strum  and  its  coneentra- 
tion  for  a  NaCl  solution  is  approximately  9  p.  m.  for  human  and  mam- 
malian blood.  A  solution  of  greater  concentration,  a  kyperisotonic  solu- 
tion, abstracts  water  from  the  blood-corpuscles  until  osmotic  equilibrium 
is    established,    hence    the  rink    ami    their    volume 

Mniller.  In  solutions  of  Ian  concentration,  hyjnxotonic  solutions,  the  cor- 
puscles swell  up,  due  to  the  taking  up  of  water,  and  this  swelling  may  be 
so  great,  as  on  diluting  the  blood  with  water,  that  the  hemoglobin  is  sepa- 
rated bOD  the  Strom*  and  passes  i&to  the  watery  solution.  This  process 
is  called  htpmolyais. 

A  haemolysis  may  also  be  brought  about  by  alternately  freezing  and 
thawing  the  blood,  as.  well  SB  by  the  action  of  various  chemical  substances, 
which  act  as  protoplasmic  poisons.  These  bodies  are  ether,  chloroform, 
alkalies,  bile  acids,  snlanin.  saponin,  and  also  the  saponin  substance 
have  a  very  strong  ha-molytie  action.'  Of  Special  interest  in  this  regard 
are  the  haVDOlysins,  which  act  like  toxins.  These  h:emolysins  may  be 
metabolic  products  of  bacteria  and  may  be  formed  by  higher  pi 
by  animals,  such  as  snakes,  toads,  bees,  spiders,  and  others.  Finally, 
the  hemolysins  or  globulicidal  bodies,  occurring  normally  in  blood  sera 
a  the  immunisation  of  the  blood,  also  belong  here. 

When  the  haemoglobin  i-  separated  from  the  so-called  stroma  by  asuffi- 
ig  dilution  with  water  the  stroma  is  found  in  the  solution  in  a 
sn  condition.     By  the  action  of  carbon  dioxide,  by  the  careful  ai 
tion  of  acids,  acid  salts,  tincture  of  iodine,  or  certain   other  Ixxlies. 
residue,  rieh  in  proteids,  oo  and  in  many  cases  the  form  of  the 

■See  Hamburger.  Osmotiachcr  Druck  und  Ionenlehre,  1902;  Itollett,  Pflijgrr  # 
Arch.,  K2;  Oker-Blom  .  ibid  .  7U.  Stewart,  Joum.  i>f  Physiol..  M 

be  work  of  Hamburger,  Hedin,  Bylansn,  Kuppc,  and  others  on  isotonistn,  and 
the  literature  on  this  subject,  may  be  found  in  Hamburger,  Osmotischer  Druck- 1 

looenlcbr.'.  l'Ktt. 

1  Knppe.  PBuger's  Arch.,  W. 
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blood-corpuscles  may  be  again  obtained.  This  residue  has  been  called  the 
ghosts  or  stromata  of  the  red  blood-corpuscles,  and  attempts  have  been 
made  to  isolate  it  for  chemical  investigation. 

To  isolate  the  stromata  from  the  blood-corpuscles  they  are  washed  first 
by  diluting  the  blood  with  10-20  vols,  of  a  1-2  per  cent  common  salt 
solution  and    then  separating   the  mixture   by  centrifugal  force    or  by 
allowing  it  to  stand  at  a  low  temperature.    This  is  repeated  a  few  times 
until  the  blood-corpuscles  are  freed  from  serum.    These  purified  blood- 
corpuscles  are,  according  to  Wooldridge,  mixed  with  5-6  vols,  of  water 
and  then  a  little  ether  is  added  until  complete  solution  is  obtained.    The 
leucocytes  gradually  settle  to  the  bottom,  a  movement  which  may  ba 
Accelerated  by  centrifugal  force,  and  the  liquid  which  separates  therefrom 
is  very  carefully  treated  with  a  1  per  cent  solution  of  KHS04  until  it  is 
about  as  dense  as  the  original  blood.    The  separated  stromata  are  collected 
on  a  filter  and  quickly  washed. 

Wooldridge  found  as  constituents  of  the  stromata  lecithin,  cholesierin, 
mdeoalbumin,  and  a  globulin  which,  according  to  Halliburton,  is  prob- 
ably a  nucleoproteid  which  he  calls  cell-globulin.    No  nuclein  substances 
or  seralbumin  or  albumoses    could  be   detected  by  Halliburton  and 
Friend.   The  nucleated  red  blood-corpuscles  of  the  bird  contain,  according 
to  Plosz  and   Hoppe-Seyler,1  nuclein  and  a  proteid  which  swells  to  a 
slimy  mass  in  a  10  per  cent  common  salt  solution,  and  which  seems  to  be 
closely  related  to  the  hyaline  substance  (hyaline  substance  of  Rovida,  see 
Page  118)  occurring  in  the  lymph-cells.    The  non-nucleated  red  blood- 
^orpuscles  are,  as  a  rule,  very  poor  in  proteid,  but  are  rich  in  haemoglobin; 
the  nucleated  corpuscles  are  richer  in  proteid  and  poorer  in  haemoglobin 
than  the  non-nucleated. 

A  gelatinous,  fibrin-like  proteid  body  may  be  obtained  from  the  red 
blood-corpuscles  under  certain  circumstances.  This  fibrin-like  mass  has 
been  observed  on  freezing  and  then  thawing  the  sediment  of  the  blood- 
corpuscles,  or  on  discharging  the  spark  from  a  large  Leyden  jar  through 
t-He  blood,  or  on  dissolving  the  blood-corpuscles  of  one  kind  of  animal  in 
the  serum  of  another  (Landois,  stroma- fibrin) ;  i.e.,  in  the  so-called  hcem- 
**<]glutination  a  clumping  of  the  red  blood-corpuscles  into  clusters  takes 
place.  This  agglutination  can  be  brought  about  by  bodies  similar  to  the 
^Uemolysins  and  also  by  serum  constituents  produced  normally  or  by 
immunization.  It  has  not  been  shown  that  a  fibrin  formation  from  the 
«troma  takes  place.  Fibrinogen  has  only  been  detected  in  the  red  cor- 
puscles of  frogs'  blood  (Alex.  Schmidt  and  Semmer  *). 

'Wooldridge,  Du  Bois-Reymond 's  Archiv,  1881,  387;  Halliburton  and  Friend, 
Journal  of  Physiol.,  10;  Halliburton,  ibid.,  18;  Plosz,  Hoppe-Seyler 's  Med.  cbem. 
Untersuch.,  510. 

'Landois,  Centralbl.  f.  d.  med.  Wissensch.,  1874,  421;  Schmidt,  Pfluger's  Arch., 
U,  550-550. 
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Closely  related  to  the  anatomical  and  chemical  structure  of  the  erythro- 
cytes v  the  important  question  In  the  metalKilism  in  the  blood  as  to  the 
permeability  of  the  erythrocytes,  that  is.  their  power  of  taking  up  substances 
of  different  kinds.  On  this  subject  we  have  the  researches  of  GbQb 
Eykman.  Overton,  Koppe.  and  especially  those  of  Hamburger  and  his 
collaborators,  and  of  Hedin.1  As  a  result  of  these  researches  it  has  been 
shown  that  the  blood-corpuscles  arc  completely  impermeable  for  the  ordi- 
nary varieties  of  sugar,  for  arabite  and  mannite,  and,  as  it  appears,  also  for 
the  cations  Ca++,  Br++1  Ba++,  Mg*"1".     On  the  other  hand,  they  arc  per- 

.  bfe  for  XH,  *  ions,  as  also  for  acids  and  alkalies.  They  are  also  permeable 
for  alcohols  (more  readily  the  fewer  hydro  xyl  groups  the  molecule  OOfl 
tains),  aldehydes  (with  the  exception  of  paraldehyde),  ketones,  ethers, 
esters,  urea,  bile  salts,  and  others.  They  are  only  slightly  permeable  for 
amino  acids.  Towards  the  neutral  potassium  and  sodium  salts,  accord- 
ing to  Koppe  and  IL\m burger,  the  blood-corpuscles  are  impermeable 
for  the  cations  K+  and  Na*  and  permeable,  on  the  contrary,  for  the  anions 
when  an  exchange  of  an  anion,  for  example  CO,",  in  the  blood-corpuscles 
is  possible  with  an  anion  in  the  outer  fluid,  for  example  with  CI".  Br% 
NO,",  etc.  Such  an  exchange  of  ions  can  be  especially  observed  according 
to  Hamiu  rgkr  in  the  erythrocytes  suspended  in  XaC'l  solution  and  treated 
with  C02f  when  the  outer  fluid  becomes  alkaline,  due  to  the  formation  of 
Na,CO,  by  the  migration  of  Cl~  ions  into  the  corpuscles  and  an  outward 
migration  of  the  CO,"  ions.  For  ever)'  one  bivalent  CO,"  ion  there  must 
migrate  inward  two  univalent  CI-  ions;  but  as  every  ion  irrespective  of 
whether  it  isuni-or  bivalent  has  the  same  osmotic  prcssurt  re  the 

osmotic  pressure  of  the  blood-corpuscles  must  lie  raised  and  hence  a  swell- 
ing up  takes  place,  due  to  their  taking  up  water.  The  question  as  to  how 
far  these  observations  can  be  applied  to  the  blood-corpuscle  ir 

serum,  i.e.,  to  the  blood,  requires  further  proofs.* 

The  mineral  bodies  of  the  red  OOfpOBOlefl  will  be  treated  in  connection 
with  the  quantitative  constitution  of  the  same. 

The  constituent  of  the  blood-corpuscles  existing  to  the  greatest  extent 
is  the  red  pigment  hemoglobin. 

Blood  pigments. 

According    to    Hoppe-Seyler    the  coloring-matter  of  the  red  Id 
corpuscle  -  ill  a  free  state,  but  combined  with  some  other  substance. 

The  crystalline  coloring-matter,  the  haemoglobin  or  oxyhemoglobin,  which 
may  be  isolated  from  the  blood,  is  considered,  according  to  Huppi 
as  a  cleavage  product  of  this  combination,  and  it  acta  in  many  ways  unlike 
the   questionable   combination  itself.    This  combination  is  insoluble 

>  In  regard  to  the  literature,  see  Hamburger,  Osmotbcher  Druck-  und  looenl< 
ister's  ItoHr&ge,  3, 
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water  and  uncrystalliz.ihle.  It  strongly  decomposes  hydrogen  peroxide 
ritbout  being  oxidized  itself;  it  shows  a  greater  resistance  to  certain 
chemical  reagents  (as  potassium  ferricyanide)  than  the  free  coloring-matter, 
and  lastly  it  gives  off  its  loosely  combined  oxygen  much  more  easily  in 
vacuum  than  the  free  pigment.  To  distinguish  between  the  cleavage 
products,  the  bsmogioblE  and  the  oxyhemoglobin,  IIoite-Seyler  calls 
the  combination  of  the  blood-coloring  matter  of  the  venmis  blood-corpuscles 
pUdrin,  and  that  of  th<  1  artcrin.1     Since  the  above-mentioruil  | 

bination  of  the  bloo<l-coloring  matters  with  other  bodies,  for  example  (if 
they  really  do  exist)  with  lecithin,  have  not  been  closely  studied,  the  follow- 
ing statements  will  only  apply  to  the  free  pigment,  the  haemoglobin. 

The  color  of  the  blood  depends  in  part  on  htemoglobin.  ami  in  part  on  a 
molecular  combination  of  this  substance  with  oxygen,  the  oxyhemoglobin. 
We  find  in  blood  after  asphyxiation  almost  exclusively  hamioglobin,  in 
arterial  blood  disproportionately  targe  amounts  of  oxyhemoglobin,  and  in 
venous  blood  a  mixture  of  both.  Blood-coloring  matters  are  found  also  in 
striated  as  well  as  in  certain  smooth  muscles,  and  lastly  in  solution  in 
different  invertebrates.  The  quantity  of  haniojrlubin  in  human  blond  may 
unified  be  somewhat  variable  under  different  circumstances,  but  amoun: 
aiwut  14  per  cent  on  an  average,  or  8.5  grams,  have  been  determined  fur 
<&ch  kilo  of  the  weight  of  the  body.  Haemoglobin  belongs  to  the  gnmp  of 
compound  proteids  and  yields  as  cleavage  products,  besides  very  small 
amounts  of  volatile  fatty  acids  and  other  bodies,  chiefly  a  proteid  globin  and 
»  eoloring-matter,  hamochramogen  (about  4  per  cent),  containing  iron, 
*hirh  in  the  presence  of  oxygen  is  easily  oxidized  into  hamalin. 

Aa  suggested  by  Hoppe-Skvlkr,  and  later  shown  by  BOBUMCS  and 
Marchlewski,  a  close  relationship  exists  between  chlorophyll  and  the 
Wood  pigment,  because  a  derivative  of  the  first,  phylloporphyrin,  stands 
very  close  in  certain  regards  to  a  derivative  of  the  blood  pigment  h:emo- 
toporphyrin.  By  the  investigations  of  NsNCfil  in  oonjoaotiao  with  .Maihii- 
lewskj  and  Zaleski  •  it  was  shown  that  hcemopyrol  could  be  prepared 
he  derivatives  of  the  leaf  pigment  or  blood  pigments  by  reduction. 
The  fact  that  chlorophyll  and  blood  pigment!  are  closely  related  and  are 
constructed  from  the  same  mother-substance  is  of  the  greatest  biolo 
importance. 

The  hemoglobin  prepare!  from  different  kinds  of  blood  has  not  exactly 
to  same  composition,  which  seems  to  indicate  the  presence  of  different 

1  Hoppe-Seyler.  Zeitachr.  f.  phyaiol  Chem.,  13,  479;  see  also  H.  U.  Kobert,  Das 

^iihdtierblut  in  mikro-kriatallogr.  Hinsicht,  Btuttgart,  1901. 

'Scbunck  and  Marchlewski,  Annal.  d.  Chem.  u.  Pharra.,  278,  284,  288. 290;  Nencki. 

•    deutaeh.  chem.  Geselltsch.,  29;    Marchlewski  and  Xencki,  lier.  d.  d.  chem. 

f'ttilkch..  84;     Nencki  and  Zuleski,  ibid.;    Marchlewski,  Chem.    Ccntralbl.,  1902,  I. 

/.aleski.  Zeitachr.  1.  physioL  Chem  .  J7. 
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hoemolgobins.    The  analyses  of  different  investigators  of  the  haemoglobin 
from  the  same  kind  of  blood  «lo  not  always  agree  with  one  another,  which 
probably  depends  upon  the  somewhat  various  methods  of    pre 
The  following  analyses  are  given  as  examples  of  the  constitution  of  differ- 
ent haemoglobins: 

Hemoglobin  from  tho    C        H        N          S         Fo  O  P,0. 

Dog 68.86  7.32  16.17  0.390    0  430  21.84  ....  (HoppixSrrunt) 

'•    64.57  7.22  L6.68  I               136  20.93  ....  (Jaqvkt) 

Horse 6447  6.OT  17 81  0.650   0.470  19.73  ....  (K.xsel) 

"     61.16  6.78  17.84  0  390  0.335  23.43  ....  (Zinopi- 

Ox 54.66  7.25  17  70  0.447    0.400  19  543  ....  (H 

Pig 54.17  7.38  1'  23  0.660   0.430  21.360  (Otto') 

•  • 64.71  7.38  17  48  0  47«»   0.399  19  602  ....  (Hortnm) 

Guinea-pig 54.12  7.36  16.78  0.680    D.480  30.880  ....  (Hopi-e-Sictuw 

Squirrel 64.08  7  :w  16.08  0.400   0.590  21.440  

Gooie 64.26  7.10  16.21  0.540    0.430  20.690  0.770 

Hen 52.47  7.19  16.46  0.857    0.335  22.500  0.197  (Jaqcet) 

The  question  whether  the  amount  of  phosphorus  in  the  haemoglobin 
from  birds  exists  as  a  contamination  or  as  a  constituent  has  not  been 
decided.  According  to  Inoko  the  haemoglobin  from  goose-blood  001 
of  a  combination  between  nucleic  acid  and  haemoglobin.  In  the  hemo- 
globin from  tlie  horse  (Zinoffsky),  the  pig,  and  the  ox  (Hi  km.k)  we  have 
1  atom  of  iron  to  2  atoms  of  sulphur,  while  in  the  haemoglobin  from  the 
dog  (Jaquet)  the  relation  is  1  to  3.  From  the  data  of  the  elementary 
analysis,  as  also  from  the  amount  of  loosely  combined  oxygen,  HijFnkk  ' 
has  calculated  the  molecular  weight  of  dog-haemoglobin  as  14,129  and  the 
formula  C(DftHl0HlN1(V4l'eS,()J8l.  According  to  the  more  recent  determina- 
tions of  Hi  fner  and  Jaquet3  ox-haemoglobin  contains  an  avenge  of 
0.336  per  cent  iron,  from  which  :i  molecular  weight  of  10,669  may  be  cal- 
culated The  haemoglobin  from  various  kinds  of  blood  not  only  show  a 
divt-rsc  constitution,  but  also  a  different  solubility  and  crystalline  form,  and  a 
varying  quantity  of  water  of  crystallization;  hence  we  infer  that  there  are 
several  kinds  of  haemoglobin.  lioitn  is  a  very  zealous  advocate  of  this 
supposition.  Hi-  has  been  able  to  obtain  haemoglobins  from  dog-  and  horse- 
blood,  by  fractional  crystallization,  which  had  different  power  of  combining 
with  oxygen  and  containing  different  quantities  of  iron.  Hoppe-S) 
had  already  prepared  two  different  forms  of  haemoglobin  crystals  from 
horse-blood,  and  Hour  concludes  from  a  collection  of  these  observe 
that  the  ordinary  haemoglobin  coi.  a  mixture  of  different  haemo- 

globins.   In  opposition  to  this  statement  Hufner  j  has  shown  thai  only 

1  Hoppe-Scyler,  Med.  chem.  Untersuch.,  370;   Jaquet,  Zeitae.br.  f.  physio!    ("hem., 
14.  280;  Kosm.-I.  ibid.,  I,  160}  Zinofitky,  &&,  10;  Hufner,  !;.  i  .  Festacht 

f.  C.  Lu.lv. II-.  1887,  7  I  M.  Journ  f.  prakt.  Chem.  (N.  P.),  22;  Otto,  Zeitechr.  f.  phyaioL 
Chem.,  7,  Inoko,  Ibid.,  is. 

*  Areh.  f.  (Anat.  u.)  Physiol.,  1894. 
•Bohr,  "Sur  lee  combinaieona  de  l'h^raoglobine    avec    l'oxygeae."     Extrait 
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one  bemoglobin  ex  \-l>lood,  and  that  this  Is  probably  true  for  the 

Wood  of  man}'  other  animals. 

Oxyhemoglobin,  which    has    also    been    call-  \t<kiu>ui;li\    or 

iar  combination  of  haemoglobin  and  oxygen. 
*ch  molecule  of  haemoglobin  1  molecule  of  oxygen  exists;   and  the 
amount  of  loosely  combined  oxygen  which  is  united  to  1  no,  of  httnoo- 
ox)  has  beer i  |   by  Hi  km  n  as  1.34  c.  c.  (calcu- 

lated at  0°C.  and  760  mm.  mercury)* 

According  to  Hour,  the  facts  are  different.     Ha  differentiates  between  four 
moglobina.  according  to  the  quantity  "I"  oxygen  which  they  absorb, 
Hunch  and    r-oxyhl ■moglobin.  all   having  the  Barne  abwjrption-spee- 

fcum and  1  gnu.  combining  with  respectively  0.-1,  0.8,  1.7,  and  ~~  i.e.  oxygen  aft 
0*  temperature  of  the  room  and  with  an  oxygon  pressure  of  1.50  mm.  mercury. 
TV;  globin  Ifl   the  ordinary"!'    obtained  by  tb  ary  method  of 

BOBS  designates  as  o-o\  lobin  1 1  ■< -  srystalline  powder  ob- 

Uined  hy  drying  ;  -oxyhiemoglohin  in  the  ah*.     On  di.-.«ilvine  BmoglobiO 

iuwatfr  it  is  converted  into  p-hcmoglobfaa  withoul  deeompiKUinn  and  the  qnan- 
Mr Teased.     On  keepi  of  r-oxyluemoglobiu  in  ■  Bealed 

it  is  transformed  into  J-oxyhssmoglobin,  although  the  eu 
i  an'  not  known.    According  to  HUrNifl  '  these  an  nothing  hut  •«  mixta 

gamine  and  partly  decompo.  •  as, 

The  ability  "f  haemoglobin  to  take  up  oxygon  1 1  i  be  a  function  of 

d  il  contains,  and  when  thu  is  calculated  as.  aboul  n.;::;  o.-io  jior 

:hen  1  atom  of  iron  in  the  haemoglobin  correflponds  to  about  2  atoms— 1 
nolt*  gen.     By  increasing  the  partial  pressure  as  well  as  by  increas- 

ing the  quantities  of  oxygen  the  luemoglobin  in  solution  takes  up  more  oxy- 

:ntil  it  ib  completely  saturated,  when  l  molecule  of  haemoglobin  a  oonv 

1  molecule  of  oxygen,    Still  this  reaction  is  reversible  aooordli 
»•  1 ;  i  LI » •  ;  1  (Oj)5F*l(OHb),  and  with  diminished  oxygen  pressure  a  dis- 

ton  must  take  place  with  the  giving  up  of  oxygen  and  a  reform:: 
"f  hamoglobin.     The  equilibrium  between  oxyhaanoglohm,  tusmogiohin, 
wiloxygen  is  determined  according  to  the  law  of  mass-action,  and  accord- 
ing b  us  of  IIi'fnkr1  it  is  possible  to  calculate  the  rela- 
tioash                an  oxyluemoglobin  (OHb)  ami  in  (lib),  at  evi 
desired  partial  pressure  of  the  oxygen,  by  a  formula  suggested  by  him. 
The  dependence  of  the  reaction   between  OHb,  Mb,  and  0  upon  the  law 
of  mass-action  ie  naturally  of  the  very  greatest  importance  for  the  taking 
up  of  oxygen  in  the  lungs  and  the  giving  up  of  the  same  to  the 
it  also  makes  it  possible  to  completely  expel  the  oxygen  from  a  hflBmo- 
JSlobin  solution  or  from  blood  by  means  of  a  vacuum  or  bypassing  an  indif- 
feteot  gas  through  the  blood. 

Bulletin  de  I'Acftdeniie  Iloyale  Danoiae  des  sciences,  1890;  also  Centralhl.  f.  Physiol., 
1800,2-19;  Hoppc-Seyler,  Zeitschr.  f.  phyeiol.  Cham.,  2;  Hiifner,  Du  Hois-Keyimond 'a 
Area,  1894. 

•Arch.  f.  (Anat.  u.)  Physiol.  Abt.  Physiol.,  1901.     Supplt. 
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Oxyhemoglobin,  which  is  generally  considered  as  a  weak  acid,  : 
rota  ton-,  according  to  QaMQBB.1  The  specific  rotation  for  light  of  medium 
wave-lengtlis  of  0  H  (a)C=  about  +10°,  which  corresponds  also  for  carbon- 
moPOadda  hemoglobin.  The  haemoglobin  is  also,  like  carl>ou-monoxide 
hemoglobin  (OOHb)  and  metliemnglohin  (MHh),  diamagnetie,  while  the 
hsematin,  which  Is  richer  in  iron,  is  strongly  magnetic  (G.vmgee').  On. 
passing  an  electric  current  through  an  oxyhemoglobin  solution  the  pig- 
ment first  separates  unchanged  at  the  anode  in  a  colloidal  but.  still  soluble 
form  and  is  then  gradually  transferred  to  the  cathode  in  the  colloidal 
state  (Gamgee1).  This  transportation  of  the  colloidal  haemoglobin  ; 
also  be  made  to  take  place  through  an  animal  membrane  or  through  parch- 
ment paper.  According  to  i  the  haemoglobin  probably  exists  in 
such  a  colloidal  condition  in  the  blood-corpuscles. 

<  >\y  hemoglobin  has  l>een  obtained  in  crystals  from  several  varieties  of 
blood.  These  crystals  are  blood-red,  transparent,  silky,  and  may  be  2-3  mm. 
long.  The  oxyhemoglobin  from  squirrel's  blood  crystallizes  in  six-sided 
plates  of  the  hexagonal  system;  the  other  varieties  of  blood  yield  needles, 
prisms,  tetrahedra,  or  plates  which  belong  to  the  rhombic  system.  Th 
quantity  of  water  ol  crystallization  varies  between  3-10  per  <■■  lie 

different  oxyhemoglobin*.  When  completely  dried  at  a  low  temperature 
over  sulphuric  acid  the  crystals  may  l>e  heated  to  110-1 15°  C.  without 
decomposition.  At  higher  temperatures,  somewhat  above  160°  (\,  they 
decompose,  giving  an  odor  of  burnt  horn,  and  leave,  after  complete  com- 
bustion, an  ash  consisting  of  oxide  of  iron.  The  oxyhffiXnogl<  I -in  crystals 
from  difficultly  erystallizable  kinds  of  blood,  for  example,  from  such  in- 
human, U  blood,  are  easily  soluble  in  water.  The  oxyhemoglobins 
from  easily  crystallizable  1)1o<k1,  as  from  that  of  the  horse,  dog,  s.uiirn -I, 
and  guinea-pig,  are  soluble  with  difficulty  in  the  order  above  given. 

bamoglobin  dissolves  more  easily  in  a  very  dilute  solution  of  alkali  car 
Donate  thin  in  pure  water,  and  this  solution  may  l>e  kept.     The  pi 
of  a  little  too  much  alkali  causes  the  oxyhemoglobin  to  quickly  de 
The    crystals    are    insoluble    without    decolorization    in    absolute    alcohol 
«  ki.*  it  ■  hereby  converted  into  an  isomeric  or  polymer 
ification,  called  by  him  paratuemoghbin.    Oxyhemoglobin  is  insolul 
in  ether,  chloroform,  benzene,  and  carbon  disulphide. 

A  solution  of' oxyhemoglobin  in  water  is  precipitated  by  many  mi 
salts,  but  is  not  precipitated  by  sugar  of  lead  or  basic  lead  acetate. 


'  Hofmeiatcr's  Beitrige,  4 

*  Proceedings  of  Roy.  Society,  68. 
•Old.,  70. 

*  Ncncki  and  Sicbcr,  Ber.  d.  d.  chem.  Gcsclbch.,  18.    According  to  Kruger  (■ 
Biochetn.  Ccntralbl ,  I,  40,  403),  haemoglobin  is  somewhat  changed  by  alcohol  aa  wall 
as  by  chloroform. 
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iting  the  watery  solution  it  decomposes  at  about  70^  C,  and  it  splits  off 
I  and  hiematin.  It  Kb  also  readily  decomposed  by  acids,  alkalies, 
and  many  metallic  salts.  It  gives  the  ordinary  reactions  for  proteids,  with 
thnw  proteid  reagents  which  first  decompose  the  oxyhemoglobin  with 
the  splitting  off  of  proteid.  Oxyhemoglobin  like  the  other  hin.nl  pig- 
ments has  a  direct  oxidizing  action  upon  tincture  of  guaiacum.  It  has, 
on  the  other  hand,  like  all  blood  piemen  ining  iron,  the  property  of 

an  "ozone  fciniwimttftr11  in  that  it  turns  tincture  of  guaiacum  blue  in  the 
presence  of  reagents  containing  ozone,  such  as  old  turpentine. 

A  sufficiently  dilute  solution  of  oxyhemoglobin  or  arterial  Mood  shows 
I  spectrum  with  two  absorption-bands  between  the  Fkaunhuifu  line-  !> 
«ad  E.  The  one  band.  a,  which  is  narrower  but  darker  and  sharper,  lies 
on  the  line  D.  her,  broader,  less  denned  and  less  dark  band,  [i,  lies 

»t  E.     The  middle  of  the  first  hand  corrcs|H.'ii(ls  to    a  waY'-lriiMh  x=f>7s.l 
•ad  the  second  k     541  i       These  bands  can  be  detected  in  u  layer 
thick  of  a  0.1  p.  m.  solution  of  oxyhemoglobin.     ]n  a  still  weaker  dilution 
tfie  band  ,3  first  disappears.     By  increased  concent  ration  of  the  solution 
the  two  bands  become  broader,  the  space  between  them  smaller  or  entirely 
irated,  and  at  the  same  time  the  blue  and  violet  part  of  the  spectrum 
is  darkened.    The  oxyhemoglobin  r;  .,•   be  differentiated  from  other  color- 
ing matters  having  a  similar  ubsorpii"n--pectrum  by  its  beSAVifff  towards 
rethji  ranees.1     (>>ee  page  170.) 

preal    m  have   been   proposed   for  the  preparation   of 

isemoglobin  cryBtals,  but    in    their  chief   features   they  all   agree-  with 

OlQ   following  one  suggested    by   BopPB-SetLSH:    The   wash  l-ror- 

lee  (best  those   fi  dog  or  the  hone)  are  stirred  with  2  vols. 

^"ater  and  then  shaken  with  ether.     After  decanting  the  ether  and  allowing 

rher  which  is  retained  by  the  blood  solution  to  evap'H'atr  in  ai 

d1  the  filtered  blood  solution  to  0°C,  add  vlul«'  stirring 
cohol  also  cooled,  and  allow  to  stand  a  few  days  at  —5° 
to  — 10°C.     The  crystals  which  separate  may  be  repeatedly  recrystallized 
by  dissolving  in  water  of  about  35°  C,  cooling,  and  adding  cooled  alcohol  as 
**l>o\v.      !  they    are   washed    with    cooled    water   containing    alcohol 

(^  vol.  alcohol)  and  dried  in  vacuum  at  0°C.  or  a  lower  temperature.2 
i  the  preparation  of  oxyluBDjogJobm  crystals  in  small  quantities  from 
blood  saafly  crystallised,  it  is  often  sufficient  to  stir  a  drop  of  blood  with  a 
little,  water  on  a  microscope  slide  and  allow  the  mixture  to  evaporate  so  that 
the  drop  is  surrounded  by  a  dried  ring.  After  covering  with  a  cover-glass, 
the  crystals  gradually  appear  radiating  from  the  ring.    These  crystals  are 


1  Zritschr.  f.  Biologie,  34,  contains  the  investigations  of  Gamgfte  on  the  absorp- 
tion of  the  ultraviolet  rays  by  the  blood  pigment.  It  also  contains  some  of  the  earlier 
^validations. 

1  In  regard  to  the  preparation  of  oxy haemoglobin,  see  also  Hoppe-Seyler-Thier- 
klder's  Handbuch,  7  Aufl.;  also  the  work*  cited  m  foot-note  l,pagc  166,  also  Schuur- 
t**an»-Stckhoveu(  Zeitschr.  f.  physiol.  Chcin.,  33,  296. 
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Formed  in  a  surer  manner  if  the  blood  is  first  mixed  with  some  water  in  a 
tibe  and  shaken  with  ether  and  a  drop  of  (he  lower  deep-colored  liquid 
treated  as  above  on  the  slide. 

Haemoglobin,  also  called  reduced  ilkmoolobi.v  or  purple  CKUGSOSI 
(BlOKBI  '),  occurs  only  in  very  small  quantities  in  arterial  hl<xxl,  in  larger 
quantities  in  venous  blood,  and  is  nearly  the  only  blood-coloring  matter 
after  asphyxiation. 

Haemoglobin  ■  much  more  soluble  than  the  oxyhemoglobin,  and  it  can 
therefore  only  be  obtained  as  crystals  with  difficulty.  These  crystals  are  as 
a  rule  isomorphous  with  the  corresponding  oxy haemoglobin  crystals,  but  arc 
darker,  having  a  shade  towards  blue  or  purple,  and  a:  lly  more 

pleochromatic.     It*   solutions   in   water  are   darker   and    more   viol 
pUrpHan    than   solutions  of  oxyhemoglobin  of  the  same   concentration. 
The*  absorb  the  blue  and  the  violet  rays  of  the  spectrum  in  a  less  marked 
degree,  but  eft]  hsorb  the  rays  lying  between  C  and  D.     In  proper 

dilution  the  solution  >ho*vs  a  spectrum  with  one  broad,  not  shaq.il 
band  between  D  and  SB  darkest  part  corresponds  to  the  a 

length  ^l  — 555.    This  band  does  not  lie  in  the  middle  between  D  and  E, 
but   is  towards  the  red  end  of  the  sj>ectruin,  a  little  over  the  line  J> 
ansnoglobin  solution  actively  absorbs  oxygen  from  the  air  anil  ia  converted 
into  an  oxyhemoglobin  solution. 

A  s»«lu;  syhaaaofjbbea  may  be  easily  converted  into  a  BOhrl 

havi:ig  t!  labia  by  n>eans  of  a  vacuum,  by  passing  an 

leneot  gas  through  u  the  addition  of  a  redii' 

an    anunoniacal  ferro-tartrate  aohrtkn 
I).     If  an  oxylcrHioclohin  solution  or  arterial  blood  is  kept  in  a  a 
wc  observe  a  gradual  consuniptk  »  ..-en  and  a  redncti 

Tohin  into  luemogbbin.     If  the  solution  has  a  p  titra- 

tion, a  crystallisation  of  hxmoglobin  may  occur  in  the  tube  at  lower  tem- 
perature* (Hi  »sut*). 


^wdflkMimioyii 


•   have   observed    that 


which  has  been  reduced  by  hyposulphite*  to  completely  that  the  oxvha?tnoglol.ni 
spectrum  disappears  and  only  the  haencejlohm  spectrum  is  seen  yields  Ltrp? 
amounu  of  oxygen  when  exposed  to  a  vacuum.  Wood  which  has  been  reduced 
by  the  nammge  of  a  stream  of  hydrogen  through  it  until  the  oxyhemoglobin 
•prvtrum  disappears  arts  in  the  same  manner.  Hence  a  knee  comb 
lurtnoaiooin  and  oxygen  exists  which  grrea  the  hssmgloben  spectrum,  and  tlu* 
uwbi nation  t»  called  )>*cudohaatttogM>tn  by  Ltdwig  and  SiBGnuan.  Pscudo- 
loesBOglobtn.  whose  presence  has  been  detected  m  asphyxiation  blood  from  dogs, 
k>  iumJsmJ  by  H  vu*  oecntx  as  an  mtermediat*  step  between  hemoglobin  and 
on  the  reduction  of  the  Utter.  Tbe  oceuirenee  of  pseudohacnio- 
does  not  even  to  have  been  posttiTt^y  proved. 

*  nimitilriil  Magaafee, «S»  No.  110.  Nor.  19M. 
» Isrtsehr  t  plpik*  CW,      i 
'  I>o  IW  Kp  n***i  »  Archi*.  ISPO;  «ee  abo  Iw»  Xo*i,  Pfiuger'a  Archtr.,  *4. 

•  let  H&hMe,  I\i  BefeRejMsaJ*  Arch.  ls*4.  lea. 


METH.ZMOGWBIX. 


171 


Methajmoglobin  I  bifl  name  has  been  given  to  a  coloring-matter  which 
b  easily  obtained  from  oxyhemoglobin  as  a  transformation  product  and 
which  has  been  corrcsj>ondmgly  found  in  transudates  and  cystic  fluids 
containing  blood,  in  Brine  in  hematuria  or  hsemoglobinuria,  also  in  urine 

iilood  on  poisoning  with  potassium  chlorate,  amy!  nitrite  or  alkali 
nitrite,  and  many  other  bodies. 

thspmogloliiri  does noi  in  molecular  or  dissociable 

combination,  but  still  the  oxygen  seem-  i  importance  in  the  forma- 

<»f  metbiemoglobin,  because  it  tfl  Formed  fo  I uemoglobin  in  the 

108   of   oxygen   or   oxidizing  agents,   and    not    from    lUBinOglobin.     If 
arterial  blood  be  sealed  up  3  '*,  it  gradually  consumes  its  oxygen  and 

becomes  venous,  and  by  this  absorption  of  oxygen  a  little  m  tobio 

IB  farmed.     The  same  occurs  on  the  addition  of  a  small  quantity  oi  fccfd  t<> 
the  blood.     By  the  spontaneous  decomposition  of  blood  some  nietluemo- 
i  is  formed,  and  by  the  action  of  ozone,  potassium  permanganate, 
potassium  fcrricynnidc,  chlorates,  nitrites,  nitrobenzene,  pyrogallol,  | 

hin,  acetanilide,  and  certain  other  bodies  on  the  blood  an  abundant 
formation  of  □  oglobin  takes  place. 

i  ording  to  the  investigations  of  HIfner,  Kulz,  and  Otto  '  mcthamio- 

slobin  contains  just  as  much  oxygen  as  oxyhemoglobin,  but  it  is  more 

lined.    By  the  action  of  potassium  farrioymide or  potassium 

permanganate  upon  oxy haemoglobin   first   I   molecule  oxygen   (i.e.,   the 

e  quantity  of  loosely  combined  oxygen)  is  split  off  and  in  the  subse- 
quent meth&inoglnhin  formation  either  two  oxygen  atoms  (Haldane)  or 

tyilroxyl  groups  are  combined  (Hi  t\er,  v.  Zeynek  3).     Mc-tha?mo- 

i  solutions  are  reduced  to  haemoglobin  by  reducing  agents.    Jader- 
'lOLM  BDd    BaaMUCH    claim    that  metha-iiioglohin   is   firs!    converted    into 

:  moglobin  and  then  into  obin  by  reducing  substances,  While 

others  (IIoppe-Seyler  and  Araki  3)  dispute  this. 

crystallizes  as  first  shown  by  HtJFNZB  and  Otto  in 
brownish-red  Desdlea,  prisms,  or  six-suh  id  plates.  It  dissolves  easily  in 
Water;   the  solution  has  a  brown  color  and  becomes  a  beautiful  red  on  the 

ion  of  alkali.    The  solution  of  the  pure  substance  is  not  precipitated 
by  basic  lead  acct:  .  but  by  basic  lead  acetate  and  ammonia.     The 

rption-Spectnim  of  a  watery  or  acidified  solution  of  meth:emo<rlobiu  Is, 

according  to  Jadsbholm  and  Bertix-Sans,  very  similar  to  that  of  hamintin 

m  acid  solution,  but  Is  easily  distinguished  from  the  latter  amoe,  on  the 

ion  of  a  little  alkali  and  a  reducing  substance,  the  former  passes 


'  S«e  Otto,  Zdtachr.  f.  physiol.  Chem.,  7. 

'halaane,  Joum.  of  Physiol.,  22;    v.  Zeynek,  Arch.  f.  (Anat    i.)  Physiol.,  1899; 

'Jauerholm.  Zeitechr.  f.  Biologic,  10;  Saarbach,  Pfluger's  Arch,  28;   Araki,  Zeit- 
ab  t  Lorn..  14. 
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over  to  the  spectrum  of  reduced  hemoglobin,  while  a  hematin  solul 
under  the  same  conditions  gives  the  spectrum  of  an  alkaline  hemochromogen 
solution    (see    below).     Methernoglobin    in   alkaline   solution    BOOTO    t\ 
absorption-bands  which  are  like  the  two  oxyhemoglobin  ban  *hey 

differ  from  these  in  that  the  band  /?  is  stronger  than  a.  By  th 
the  band  a  and  united  with  it  by  a  shadow  lies  a  Uiird  fainter  band  between 
C  and  D,  near  to  D.  According  to  other  investigators,  Akaki  and 
trich,  a  neutral  or  faintly  acid  methernoglobin  solution  shows  only  one 
characteristic  band,  a,  between  C  and  D,  whose  middle  corresponds  to 
about  A— 634,  Tie  two  bands  between  D  and  E  are  only  due  to  con- 
tamination with  oxyhemoglobin  (Menzies  '). 

Crystallized  methenioglobin  may  be  easil}r  obtained  by  treating  a  con- 
centrated solution  of  o  tli  >  sufficient  quantity  of  concen- 
trated postassium-ferricyanido  Bolotion  to  give  the  mixture  a  porter-brown 
color.  After  cooling  to  0°  C.  add  \  vol.  OOOted  alcohol  and  allnw  1 1  •  # -  mix- 
ture to  stand  B  few  days  in  the  cold.  The  crystals  may  be  easily  purified 
by  reerystallizing  from  water  by  the  addition  of  alcohol. 

Cyanmethemoglobin  (cyHnlucuioglobin)  is.  according  to  Haldane,  identical 
with  pkotomethamodobiD  (Bocae),  which  is  produced  by  the  influence  of  sunlight 

upon    a    methipmoglnlmt    solution    containing    |H>t./issium    iVrrifyanidc.      It    was 
nil   carefully  described  by  1!    Kobhrt  and  obtained  in  a  crystal  lino  form  by 

m  k.-'      It  is  immediately  formed  in  the  cold  by  tin-  artion  of  a  hydrCM " 

•  ■hit ion  upon  methtBUlOgiobin,  while  bv  acting  upon  oxyhemoglobin   only 

body  temperature.    The  neutral  or  faintly  alkaline  solutions  show  a  spec- 
trum vhicn  i   rery  similar  to  the  haamoglobu]  spectrum 

Acid  hemoglobin    il  a  coloring-matter    produced  by  the    action  of   verv  week- 
acids  upon  oxyhemoglobin,  which  an-ordiiifi  to  H  a  knack1  is  not,  us  used  to 
admitted,  identical  with  methemoglobin. 

Carbon-monoxide  Hemoglobin 4  is  the  molecular  combination  between 
molceuli?  of  haemoglobin  and  1  molecule  of  CO,  according  to  HiJFNER,5  which 
contains  1.34  c.  c.  of  carbon  monoxide  (at  0°  and  760  mm.  Hg)  for  1  gram 
liemoglobin.  This  combination  is  stronger  than  the  oxygen  combination 
of  hemoglobin.     The  oxygen  is  for  this  reason  easily  driven  0U  luemo- 

1  J  iderholm,  I.  c. ;  Bcrtin-Sans,  Coinp.  rend.,  106;  Dittrich,  Arch.  f.  exp.  Path.  u. 
Pharm  ,  29;  Menhirs,  Journ.  of  Physiol.,  17.  Important  references  on  methemo- 
globin are  given  by  Otto,  Pfluger's  Arch.,  31. 

idane,  Journ.  of  Physiol.,  25;    Bock,  Skand.  Arch,  f.  Physiol,  6;    Hubert, 
Pflfiger'l  Arch.,  82;  v.  Zcynck,  Zcitsckr.  f.  physiol.  Chcm.,  33. 

•Zeitschr.  f.  pfayrioL  Cham.,  Bfc 

*  In  reference  to  carbon-monoxide  haemoglobin  see  especially  Hoppc-Seylcr,  Med. 
chem.  Unlcrsuch  ,  201j  iVntralhl  f.  d.  raed.  Wissenach .,  lsii»  and  1805;  Zeitschr. 
f.  pliVbiol.  Chi-m.,  I  nii.l  13. 

&Du  Boia-Iieymond'B  Archtv,  Physiol.,  18M.  On  the  dissociation  constant  of 
carbon-monoxide  hemoglobin,  see  ibid.,  1895.  In  regard  to  the  contradictory  state* 
ments  of  Saint-Martiu  and  others  and  their  disproval.  sec  Hufner,  Arch.  f.  (Anat.  u.) 
PhjaioL,  1903. 
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irlobin  by  carbon  monoxide,  and  this  explains  1ho  poisonous  action  of  this 

gas,  which  kills  by  the  expulsion  of  thi  D  of  the  blood.     In  regard 

to  tli  Mood  pigments  between  the  carbon  monoxide  and 

oxygen  under  different  partial  pressures  of  both  gases  in  the  air,  we  must 

refer  to  Hi  nam's  '  mvoBtagationa,  whose  results  are  tabulated. 

The  carlxm  monoxide  (ran  be  driven  out  by  a  vacuum  as  well  as  by  passing 
an  indifferent  gas  or  oxygen  or  nitric  oxide  through  the  solution  for  a  long 
time,  and    in    these    cases    haemoglobin.    OX]  bin,    or    nitric-o\idr 

haemoglobin  are  Formed      The  carbon  monoxide  is  also  expelled  by  po- 
tassium ferrieyanide  and  produces  mctha-moglohin  (HaLDAMI 

Carbon-monoxide  tuexnoglobirj  b  fanned  by  saturating  blood  or  a  ha-mo- 
globin  solution  with  carbon  monoxide,  and  may  be  obtained  as  crystals  by 
the  same  means  as  toglobin.     The  1  crystals  are  isomorphous  with 

llie  oxyha?mogl  >l     but  are  less  soluble  and  more  stable,  and  their 

bfafch-fed  color  is  more  marked.     Pol  the  detection    I  earhon-mom 
haemoglobin  its  absorption-spectrum  ia  of  the  greatest  Importance.    This 
**p«ctrum shows  two  bands  which  are  very  similar  to  those  of  oxyhemoglobin, 
^>Ut  they  occur  more  towards  the  violet  pari  of  the  --pee  t  rum.     The  middle 
°f  the  first  band  corresponds  to  X  =  ,"2  and  the  Becond  to  >.  =  536.     '1 
Oftii'l-:  do  not  change  noticeably  on  the  addition  of  reducing  substanr 

totes  an  important  difference  between  carbon-monoxide  hsBmoglobia 
*W'  !ob'm.    If  the  blood  contains  axyhsmoglohis  and  carbon* 

*d  ;  in  at   th.  v.v  obtain  on  the  addition  of  a 

*"«*•>  iammoniacal  fetTO-tartr&te  solution)  a  mixed  spectrum 

originating  from  the  haemoglobin  and  carbon-monoxide  hemoglobin. 

A  great  many  reactions  have  been  suggested  for  the  detection  of  carhon- 

*~ri  haemoglobin  in  medico-legal  cases.    A  simple  and  at  the  nog 

*ixoe  a  good  one  is  Hoppe-Seyler's  soda  test.     The  blood  Is  treated  with 

*J«  uhle  its  volume  of  caustic-soda  solution  of  1.3  sp.  gr.,  by  which  ordinary 

t»lood  is  converted  into  a  dingy  brownish  mass,  which  when  spread  out 

^xi  porcelain  is  brown  with  a  shade  of  green.     Carbon-monoxide  blood 

•Kives  under  the  same  conditions  a  red  mass,  which  if  spread  out  on  porce- 

*»an  shows  a  beautiful  red  color.     .Several  modifications  of  this  test  have 

t>«en  proposed.     Another  very  good  reagent  is  tannic  acid,  which  gives 

^■rith  dilute  normal  blood  a  brownish-green    precipitate  and  with  carbon- 

***)noxide  blood  a  pale  crimson-red  precipitate.1 

As  according  to  Bonn  there  are  several  oxyhemoglobins,  so  also,  according  to 
BcHa  and  Bock,4  there  are  several  carbon-monoxide  DJMnogJobiDf,  with  different 

'Areh.  i.  expt  Path,  u.  Phami.,  4S. 

'Joura,  of  Ph\>iol.,  22. 

1  In  regard  to  thi*  tast  (as  suggested  by  Kunkel)  and  others  we  refer  to  Kostin, 
^igsr's  Arch.,  $4,  which  contains  a  very  excellent  Biimmory  of  the  literature  on  the 
Object 

'CentralbL  f.  Physiol.,  8,  and  Maly'a  Jnhrcaber.,  25. 
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amounts  of  carbon  monoxide.    As  hemoglobin  can  unite  with  oxygen  and  carbon 
dioxide  simultaneously,  as  shown  by  Boua  and  Tuavr,  so  also  can  it  unite  with 
carbon  monoxide  and  carbon  dioxide  simultaneously  independently  of  each  other. 
Carbon-monoxide  methxmoglabin  has  been  prepared  by  Weil  and  v.  An  rep 
by   the  art  ion  of   potassium   permanganate  on  carbon-monoxide    hemoglobin, 
but  this  is  contradicted  by  Be  an  n -Sans  and  Moitessier.1      Sulphur  meuuemo- 
globin  is  the  name  given  by  H- -i-i  k-Sevleb  to  that  coloring    matter  which  is 
i    by   the  action  of  sulphuretted  hydrogen   upon   oxyhemoglobin.     The 
solution  has  a  greeni.«h-red,  dirty  color,  and  shows  two  absorption-bands  betwi-en 
C  and  D.     Thi*  coloring  matter  is  claimed  to  be  the  greenish  color  seen  on  the 
surface  of  putrefying  flesh.     According  to  Harsack1  the  conditions  are  different 
when  HJ5  is  passed  through  an  oxygen -free  solution  of  hemoglobin  (or  earl  ion- 
hemoglobin).     The  sulfhiemoglobin  thus  formed  shows  one  band  in 
the  red  between  C  and  D. 

Carbon-dioxide  Haemoglobin,  Carbohfrmoglobin.     ILrmoglobin,  accord- 
ing to  Bohr  and  Torup,'  also  forms  a  molecular  combination  with  carbon 
ie  whose  spectrum  L>  rfmflfl  to  that  of  h.  >nling  to 

Bonn  there  are  three  different  carl>oh:emoglobins,  namely,  a-,  ^3-,  and 
r-carhoh-T-moglobin,  in  which  1  gnu.  combines  with    respectively! 

*..  (measured  at  0°  C.  and  760  mm.)  at  1S°  C.  and  a  pressure  of  60 
mercury.     If  a  haemoglobin  solution  b  shaken  with  a  mixture  of  o>. 
and  carlion    dioxida,  the  haemoglobin  combines  loosely   with   the  oxygen 
as  well  as  with  the  carbon  dioxide,  independently  of  each  other,  just  as  if 
each  gas  existed  alone  (Bohr).     11<  ha  two  gases  are  com- 

binfid  with  different  parts  of  the  haemoglobin,  namely,  the  oxygon  with  the 
at  nucleus  and  the  carbon   dioxide  with   the  proteid  component. 
Aooordfog  to  Torup  the  haemoglobin  must  therefore  be  partly  decomposed 
by  the  car't'on  (tfoxida  Batting  free  some  proteid. 

Nitric-oxide  Haemoglobin  is  also  a  crystalline  molecular  combination 
I  is  even  stronger  than  the  carbon-monoxide  haemoglobin.     Its  sol 
shows  two  alxsorption-hands  which  are  paler  and  less  sharp  than  the  carbon- 
ride  haunogJobin  bands, and  they  do  n  ippearon  the  addition  of 
ing  bodies.    I  hemoglobin  also  forms  a  molecular  combination 

Haemorrhodin  is  the  name  given  by    Lehmanv  to  a  beautiful  red  pigment 
solub  '  ier  and  which  is  extracted  from  meat  and  mes- 

by  boiling  alcohol  and  which  seems  to  be  produced  by  the  action  of  small  am 

-i.     Another  pigment  isolated  by  Lewim1  from  the  blood  of  animals  poi- 
soned   by  {ili>-tivlhvir;i/ni.'  hits  been  Ballad  'V...      By  beating  a  solu- 

•"  blood  pigment  treated  with  caustic  potash  and  mixed  with  alcohol  to 
60°  C.  we  obtain,  according  to  v.  Klavkhen,  a  pigment  which  he  i 


■  v.  Anrep,  Du  Bois-Reymond'a  Arch.,  1880;  Sans  and  Moittsoier,  Compt.  rend..  Ill 
1  Med.-chcm.   L'ntcrsuch.,  151.     rfoe  Araki,  Zeitachr.  f.  physiol.  Chcm.,  14;    Har- 

nack,  L  c. 

•  Bohr,  Exlmit    du   Bull,  de  t'Acad.    Danoise,   1890;  Centralbl.   f.    Physiol..  4.; 

Torup,  Haly's  Jahresber.,  17. 

iUungsbcr.  d.  phya.-med.  Gesellsch.     Wurzburg,  1899;    Lewi 

Compt.  nuuL,  133. 


DECOMPOSITION  PRODUCTS  OF  THE  BLOOD  PIGMENTS.      175 

fflobin,  but  called  by  Arnold,1  who  first  obtained  it,  neutral  hamatin,  which  is  pro- 
duced by  the  splitting  off  of  a  ferruginous  complex.  This  pigment  still  contains 
E*oteid  but  is  poorer  in  iron  than  the  hemoglobin  or  methsmoglobin  and  proba- 
y  forms  an  intermediary  product  in  the  conversion  of  the  above  into  haematin. 

Decomposition  products  of  the  blood  pigments.  By  its  decomposition 
haemoglobin  yields,  as  previously  stated,  a  proteid,  which  has  been  called 
giobin  (Preyer,  Schulz),  and  a  ferruginous  pigment  as  chief  products. 
According  to  Lawrow  94.09  per  cent  proteid,  4.47  per  cent  hsematin,  and 
1.44  per  cent  other  bodies  are  produced  in  this  decomposition.  The  globin, 
which  was  isolated  and  studied  by  Schulz,2  differs  from  most  other  pro- 
teids  by  containing  a  high  amount  of  carbon,  54.97  per  cent,  with  16.89 
per  cent  of  nitrogen.  It  is  insoluble  in  water  but  very  easily  soluble  in  acids 
or  alkalies.  It  is  not  dissolved  by  ammonia  in  the  presence  of  ammonium 
chdoride.  Nitric  acid  precipitates  it  in  the  cold  but  not  when  warm.  It 
may  be  coagulated  by  heat,  but  the  coagulum  is  readily  soluble  in  acids. 
Because  of  these  reactions  it  is  considered  as  a  histon  by  Schulz. 

The  pigment  split  off  is  different,  depending  upon  the  conditions  under 
which  the  cleavage  takes  place.  If  the  decomposition  takes  place  in  the 
absence  of  oxygen,  a  coloring  matter  is  obtained  which  is  called  by  Hoppe- 
Seyler  hcemochromogen,  by  other  investigators  (Stokes)  reduced  Iicematin. 
In  the  presence  of  oxygen,  haemochromogen  is  quickly  oxidized  to  hsematin, 
and  there  is  therefore  obtained  in  this  case  hamoiin  as  a  colored  decomposi- 
tion product.  As  haemochromogen  is  easily  converted  by  oxygen  into 
hamatin,  so  this  latter  may  be  reconverted  into  haemochromogen  by  reduc- 
ing substances. 

Haemochromogen  was  discovered  by  Hoppe-Seyler.8  Haemochromogen 
is,  according  to  Hoppe-Seyler,  the  colored  atomic  group  of  haemoglobin 
and  its  combination  with  gases,  and  this  atomic  group  is  combined  with 
proteids  in  the  pigment.  The  characteristic  absorption  of  light  depends 
on  the  haemochromogen,  and  it  is  also  this  atomic  group  which  binds  in  the 
oxyhemoglobin  1  molecule  of  oxygen  and  in  the  carbon-monoxide  haemo- 
globin 1  molecule  of  carbon  monoxide  with  1  atom  of  iron.  Hoppe-Seyler 
tea  observed  a  combination  between  haemochromogen  and  carbon  mon- 
oxide, and  this  combination  shows  the  spectral  appearance  of  carbon- 
monoxide  haemoglobin.  By  the  reduction  of  haematin  in  alcoholic  ammo- 
Biacal  solution  by  means  of  hydrazine  v.  Zeynek  *  was  able  to  obtain  the 
solid  brownish-red  ammonia  combination. 

An  alkaline  haemochromogen  solution  has  a  beautiful  cherry-red  color. 
It  shows  two  absorption-bands,  first  described  by  Stokes,  one  of  which 

1  v.  Klaveren,  Zeitechr.  f.  physiol.  Chem.,  33;  Arnold,  ibid.,  29. 
'  Lawrow,  ibid.,  26;  Schulz,  ibid.,  24. 
'  Hoppe-Seyler,  ibid.,  13. 
*Ibio\,2&. 


L*  dark  and  whose  center  corresponds  to  /=  556.4  between  D  and  E, 
and  a  second  broader  band,  less  dark,  which  covers  the  Frauxhofer 
lines  E  and  b.  The  middle  of  this  band  corresponds  to  X =520.4.  In 
solution  ha-mochromogen  shows  four  bands,  which,  according  to  Jade»- 
holm,1  depend  on  a  mixture  of  hspmochromogen  and  hsraatoporphyrin 
(see  below),  this  last  formed  by  a  partial  decomposition  resulting  from 
the  action  of  the  M 


Hremochromogen  may  l>e  obtained  as  crystals  by  the  action  of  ca' 
soda  on  haemoglobin  at  100°  C.  in  the  absence  1 1  1 11<  rr- 

By  the  deooinpoaUaon  of  haemoglobin  by  acids  (<  in  the  abser 

air./  tin    lui  rnx  houuogen   contaminated  with  a   little   hipmatopor- 

phyrin.     An  alkaline  luemochromogen  solution  is  easily  obtai:  he 

art  ion  of  a  reducing  substance  (Stokes'  reduction  liquid)  on  an  alkaline 
hamatin  holuti'..u. 

Hsematin,  also  called  Oxyh.emktin,  is  sometimes  found  in  old  transu- 
dates. It  is  formed  by  the  action  of  the  gastric  or  pancreatic  juices  on  o\ 
haemoglobin,  and  is  therefore  also  found  in  the  faeces  after  hemorrhage 
in  the  intestinal  canal,  and  also  after  a  meat  diet  and  food  rich  in  blood, 
tated  that  haematin  may  occur  in  urine  after  poisoning  with  arseniu- 
rettcd  hydrogen.     As  shown  above,  the  lurmatin  is  formed  I  m> 

f  oxyhemoglobin,  or  at  least  of  haemoglobin,  in  the  presence  of 

-en. 

The  statements  in  regard  to  the  composition  of  hsematin  are  rather 
contradictory,  which  seems  to  depend  upon  the  fact  that  different  ha?matins 
are  formed  under  various  oondhaons  (KUbtkr,  K.  Morxfr).  Cazkneitve 
and  Bretau  have  analyzed  haematin  from  different  kinds  of  blood  (ox. 
hone,  ibeep)  and  have  found  that  luematin  from  a  certain  variety  of  blood 
has  the  same  composition,  while  that  from  a  different  of  animals 

has  a  different  composition.      According  to  Hoppe-Seyler  its  formula  is 
to  \    ncki  and  Sif.bkk,  whiefa  corresponds  to  other  inves- 

itors,  the  formula  is  f'jJljjN.FeCV     And    Kistkr    finds  the  formula 
e       The  h:ematin  analyzed  by  K.  Morner  had   the   formula 
C^HjjN^FcOj.     According  to  all  these  investigators  1  atom  of  iron  occurs 
witl  i  atoms  of  nitrogen.     According  to  Cloetta,  and  also  Ros> 

7KLD,1  htrmatin   has   the  formula  CIOH„N,FeO„  with  1  atom  of  iron  Ear 
even-  3  atoms  of  nitrogen. 


■rkiv,  w. 

1  Bopp^Bsykr,  Med.  chem.  Untcrsuch. ,  525;  Nencki  and  .Sieber,  Aroh  f  exp.  Path. 

u.  Phunn  ,  1>  and  20,  and  Bcr.  d.  d.  cliciu.  Gesellsch..  IS;    Uinlobrzcski,  Arch    dc« 

•cicii'  St,   Petwsbourg,  5;    Kuster,  Beitrhgc  zur  Kcnniniss  dee  llinuium, 

.  1806,  and  Be.  d.  d.  chem.  Cteselkch..  27  and  SO,  and  ZciUchr.  f.  physiol, 

Morner,  Nord.  med.  Arkiv.  Fcstband.,  1807,  Nus.  1  and  26;  ('■ 

Path.  u.  Pharm.,  30;  Hosenfeld,  ibid.,  40;  Cazcncuveand  Bretau, 
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Hxmatin  is  very  racxstanl  towards  boiling  concentrated  caustic  potash 
as  well  as  towards  boiling  hydrochloric  acid.  It  dissolves  in  concentrated 
sulphuric  acid  and  is  converted  into  hamiatoporphyrin  wilh  the  splitting 
off  of  iron.  On  heating  dry  hamatin  it  yields  abundant  pyrrol.  On 
reduction  with  tin  and  hydrochloric  acid  a  body  similar  to  urobilin  is 
formed.  As  oxidation  product  oi  hamntin  in  glnn-  I  lOfitifl  acid  with 
potassium bid;  eh 'obtained  tn<- nmde  nf  thetribasichamatinie 

acid,  CII.N'ij,,  which  is  also  produced  on  the  oxidation  of  lwmotopor- 
pbyriu  and  bilirubin. 

The  imide  of  tho  trihasic  hfrmatinic  acid  which  is  a  derivative  of  male 
baa  probably  the  formula  CbH7(COOH)<^q>NH,  is  readily  transformed   blta) 
the  anhydride  of  the  tri basic  ha?matinie  acid,  C„Ht<\r  having  the  probable  formula 

o 

>0.     On   heating   the    imidc  with   alcoholic    ammonia   to 
COOH.' 
130s*  on  dioxidi   and  the  imide  of  the  bibario  bamatinioi 

a  obtained.     From  this  imide  on  saponification  with  baryta-v.;iu-r  Wfl 
obtain  ihe  barium  salt  of  an  acid  whose  anhydride  is  methvl-ethvl  malelc-acid 

CjHft.C.CO 

"***'  CH,AC0>0- 

Hawnatin  is  amorphous,  dark  brown  or  bluish  black.    It  may  be  heated 

•  PC.  without  decomposition;  on  burning  it  leaves  a  residue  conedsl 

D  oxide.     It   ie  insoluble  in  water,  dilute  acids,  sloohol,  ether,  and 

chloroform,  but  it  dJBBO]  htly  in  warm  glacial  acetic  acid,     lla-iuatin 

WBolvea  in  acidified  alcohol  or  ether.     It  easily  dissolves  in  alkali''-,  even 

*'htn  very  dilute.     The  alkaline  solutions  are  dichroitic;    in  thick  layers 

appear  red  by  transmitted  light  and  in  thin  layers  greenish.     The 

alkaline  solutions  arc  precipitated  by   lime-  and  baryta-water,  as  also  by 

eolution.s  of  neutral  salts  of  the  alkaline  earths.     The  acid   solutions  are 

*l»ays  brown . 

An  acid  luematin  solution  absorbs  the  red  part  of  the  spectrum  less  and 
wB  violet  parts  more.  The  solution  shows  a  rather  sharply  dafini  I  band 
wtween  C  and  D  whose  position  may  change  with  the  variety  of  acid  used 
86  a  solvent.  Between  D  and  F  a  second,  much  broader,  less  sharply 
defined  band  occurs  which  by  proper  dilution  of  the  liquid  is  converted  into 
**o  bands.  The  one  between  b  and  F,  lying  near  F,  is  darker  and  broader, 
bother,  between  D  and  E,  lying  near  E,  is  lighter  and  narrower.  Also 
ty  proper  dilution  a  fourth  very  faint  band  is  observed  between  D  and  E, 
•yiflg  near  J).  H&matin  may  thus  in  arid  solution  show  four  absorption- 
bands;  ordinarily  one  sees  distinctly  only  the  bands  between  C  and  D  and 
the  broad,  dark  band — or  the  two  bands— between  D  and  F.     In  alkaline 

1  %  Kiiater,  Ber.  d.  d.  chem.  Gesdlncfa..  30,  32.  and  3o;  Zcitechr.  f.  physiol.  Chan., 
J8,and  Annal.  d.  Chan.  u.  Pharm.,  315. 
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hnmatin  shows  a  broad  absorption-band,  which  lies  in  gree 
0  and  D,  but  reaches  a  little  over  the  lino  I)  tow 
right  in  the  space  between  D  ami  E.     As  the  position  of  the  keinatin 
in   the  spectrum  arc  qtDte  variable,  the  exact  wave-lengths  corrc- 
Bponding  thereto  cannot  lie  given  exactly. 

Haemin,  II  imi\  Crystals,  or  Tkihimaxn's  Crystals.     II 
hydrochloric-acid  ester  of  hsematin  an«l  is  th  --point  in  tin 

tion  of  the  latter. 

Tbfl  statements  m  to  the  composition  nf  h^min  nre  just  as  variable  ns  those  fc 
hffimatiu,  which  is  jmrtly  due  to  the  fact,  as  shown  by  \  i:\tki  and  Zsu.-oci.1  tliat- 
the  lia-matin,  uhirli  rnnlains  two  h\dro\yls  in  the  molecule,  may  fon 
acids  and   alk;,  I  ,    whirh  also  yield  addition    products   with   indifferent 

nils.     Thus    the    lucmin    prepai  (CKJ    and    Sn 

l  contains  amy]  alcohol  (l\cll,1N,Kc<>,('l),.C1ll <>     Bee 

:  the  formula  C.lluN.FcCV  in  acetyl  neap  and  is  called  acei- 

iia-iniii,  L'„.IIa.N,l-"c( >,C1,  is  a  monetny]  ether  of  ai 
and  has  the  formula  t',,ll  '1.    According  to  Kcstkk-'  these  last -mentioned 

are  not  correct  and  the  question  as  to  NlNCKI  and  Zalsbki's  ex]  lai 

nf  these  contradictory  statement!  require!  farther  elucidation,    i  finds 

a  found  to  have  a  different  composition  by  various  ur. 

an-  all  i  he  -nine  chemical  individual.     All  laemins  have  the  same  empirical  formula, 
C,4H„<  V\i'V('i.  benee  there  is  only  one  hsmin.    On  solution  of  the  hsemin  in 

alkali  an  intranmli-cidai  olmo-:.-  I  ihr  action  of  boiling  aniline  upon 

i  11<  1  end  11  are  expelled  and  aniline  is  taken  up  without  the  expulsion  of 
iron. 

Ihemin  crystals  form  in  large  masses  a  bluish-black  powder,  but  are 

ill  that  they  can  only  be  seen  by  aid  of  the  microscope.    They  cor 

of  dark-brown  or  nearly  brownish-black  long,  rhombic,  or  spool-like  crystals, 

isolated  or  grouped  as  crosses,  rosettes,  or  stellar  forms.      Cubical  crystals 

occur,  according  to  Cloetta.    They  are  insoluble  in  water,  dilute 

at,  the  normal  temperature,  alcohol,  ether,  and  chloroform.     They  are 

itly  soluble  in  glacial  acetic  acid   with   I  in  acidi- 

Jcohol,  as  als«>  in  dilute  ■  I  alkalies;    and  in 

form,  besides  alkali  chlorides,  soluble  baxnatin  alkali,  fr 

which  the  hamiatin  may  be  precipitated  by  an  acid. 

The  principle  of  the  preparation  of  ha-min  crystals  in  large  quantities 
as  follows:  The  wash-  I  Bedhnenl  from  the  blood-corpuscles  is  coagulated 
with  alcohol  or  by  boiling  after  dilution  with  water  and  the  careful  addit'n 
of  acid.     The  strongly  pressed  but  not  dry  mass  is  rubbed  with  iK.>-<>"> 
I  obol  which  has  been    previously  treated  with  oxalic  acid  or  A- 1 
Concentrated  sulphuric  acid,  and  this  is  allowed  to  stand  several  boui 
the  temperature  os  the  room.    The  nitrate  is  wanned  to  about 
d  with  hydrochloric  acid  (for  each   liter  of  filtrate  add  10  c. 


1  Zcitschr.  f.  physiol.  Chan.,  80.     See  alao  foot-note  2,  page  17". 

:  Bee.  d.  d.  chrai.  QeseHach.,  So. 

1  Zcitschr.  f.  physiol.  ('hem  ,  10. 


II  EM  IS   A.\D  Il.l.MATOPOKI'IIYRlN. 


179 


iilorie  acid  diluted  with  alcohol— Morner).  and  allowed  t>. 
stand  in  the  cold.  The  crystals,  which  separate  in  one  or  twoda.vs,  are 
first  washed  with  aloohol  and  then  with  wi  r  reticulars  as  to  the 

vario  6  reader  to  the  cited  works  of  N 

CloKTTA.    Ki'sTKR,    MoHNKR,    RoiSENFKLD,     '  and    ZaLH-KI     (S<-HAL- 

FEJtv 

H         in  ie  obtained  on  dissolving  the  beano  crystals  in  very  dilute 
caustic  alkali  and  precipitating  with  an  . 

In  preparing  h:emin  crystals  in  small  quantities  proceed  in  the  follow 
manner:   The  blood  is  dried  after  the  addition  of  :t  small  quantity  "I"  com- 
mon salt,  or  the  dried   blood  may   he  rubbed  With  a  truce  of    \'< 
The  dry  powder   i-s   placed  on  a  microscope- slide   D  with  plaeial 

acetic  acid,  and  then  covered  With  the  cover-glass.     Add.  by  means  of  a 
glass  rod,  more  glacial  acetic  acid  by  applying  the  drop  al  to  of  the 

m  until  the  spar:  ide  and  the  cover-glaa  is  full. 

Now  warm  over  a  tall  flame,  with  the  precaution  that  the  acetic 

does  not  boil,  and  pass  with  the  powder  from  under  She  rover-glass.     If  no 
:  !-  appear  after  the  In  t  warming  and  cooling,  warm  again,  and  if 
I  -nine  more  b  I.    After  cooling,  if  ti  ' men t  has 

been  properly  performed,  a  number  of  dark-brown  or  nearly  black  hi 
crystals  of  varying  forma  will  be  seen. 

In  regard  to  the  preparation  of  iodohematin  and  the  use  of  the  same 
for  the  detection  of  blood  we  must  refer  to  SxftgYBOWBKX'S  communication.1 

the  action  of  acids  upon  hiemochrnmogcn,   ha-matin,  or  h:rrnin  a 

new  iron-free  pi|  liich  was  first  closely  I  y  Hofto-Seyueb 

and  'matoporplir/rirt,   is    produced.      According   to  the  method   of 

t  ration    rurmatoporphyrins    having   different    solul  id    whose 

are  produoedj  but  al'; 
■me  chi  •••tnim.    The 

byrin  is  the  one  obtained  according  to  Xkm  ki  an<l  method. 

by  the  action  of  glacial  acetic  acid  saturated  with  hydrohn.;  upon 

ds,  best  at  the  temperature  of  the  body  (Nkni  -ki'). 

HsEmatoporphyrin,  ( '„  B  or  C„HwN4Oe  according  to  Z 

This  pigment,  according  to  Ma<    M  Bfl  a  p!\ 

.    It  occurs,  as  shown  by  (jarrod  at: 
■nt,  although  only  as  traces,  of  human  urine.'    It  occurs  in  grot 
quantities  in  human  urine  especially  after  the  use  of  BUlphonal  (see  < 
-V). 
The  formation  of  hiematoporphyrin  from  ha-matin  can  be  expref 

equation  if  we  start  with  Nkmki  'a  formula  for  hainatin: 
CJR^tJi  2HBr    Jcl,ii„NJ01-fFeBr:-MlJ.  On  heating  ha 

'  Tharapeol  Ifonatsbtft*,  1901  and  1902. 

1  Hoppe-Scyler,  Med  -chera    (Jnterauch.,  528;  Neocki  ami  Siabar,  ftfooaftahefte  f, 

.  9,  and  Are!,    t    expt    rath,  u.  Phamv,  IS,  20,  and  24;    Nencki  and  Zalcaki, 
Zoit*chr  f.  phymol.  Chem  ,  90. 
■' 
•  Journ.  of  Physiol.,  7. 


actios  of  the 
other  londrtii— .  we  obUm  »■■■■■  Tut,  r,H»\.  a  colorless 
two  ■wan.     nxstopTTroi  s  pruxttueu 


by  the  artaoa  of  the  assae  redorsag  agnte  apon  the  ckkvopfcrfl  oerrratire  p*yUv 
/ye*™  (Xrsou  and  Mabchuwskj),  wbirfc,  as  abate  luaarltd.  shows  a  dose 
fimwnanni  wtwtJta  ik  moou  i*gun  m  ana  gporopoyw. 

Uamstoporpbjrin  is,  according  to  Nencxi  and  Siebeh.  isomeric  with 
the  bflr*  pigment  bilirubin  and  like  this  latter  gives  a  play  of  colors— green, 
blue,  and  ye&Yrw— when  treated  with  fuming  nitric  acid.  The  hydrochloric- 
acid  combination  erjrstalfixea  in  long  brownish-red  needles.  If  the  solution 
in  hydrochloric  acid  is  nearly  neutralized  with  caustic  soda  and  then  treated 
with  sodium  acetate,  the  pigment  separates  out  as  amorphous,  brown 
flakes  not  readily  soluble  in  amyl  alcohol,  ether,  and  chloroform,  but  readily 
soluble  in  ethyl  alcohol,  alkalies,  and  dilute  mineral  acids.  The  combina- 
with  sodium  crystallizes  as  small  tufts  of  brown  crystals.  The  acid 
alcoholic  solutions  have  a  beautiful  purple  color,  which  becomes  violet- 
bhie  on  the  addition  of  large  quantities  of  acid.  The  alkaline  solution  has  a 
•ul  red  color,  especially  when  not  too  much  alkali  is  present. 

An  solution  of  tuetiiatoporphyrin.  acidulated  with  hydrochloric 

or  sulphuric  acid,  shows  two  absorption-bands,  one  of  which  is  fainter  and 
narrower  and  lies  between  C  and  D.  near  D.  The  other  is  much  darker, 
■harper,  and  broader,  and  lies  in  the  middle  between  D  and  E.  An  absorp- 
"Xtends  from  these  bands  towards  the  red,  terminating  with  a  dark 
edge,  which  may  be  considered  as  a  third  band  between  the  other  two. 

A  dilute  alkaline  solution  shows  four  bands,  namely,  a  band  between  C 
and  I);  a  second,  broader,  surrounding  D  and  with  its  broadest  part  between 

•  Hopp<v#«yler,  1.  c.  B23;    Le  Nobel,  Pfluger'a  Arch..  40;    Mac  Munn.  Proc.   Roy. 
0OS.,  *>.  ttti'l  Journ.  of  Physiol.,  10;  N'encki  aud  Rotschy,  Moaatshifte  f.  Chcra.,  10. 

-  *  foot-nut*  2.  ou«e  L6J 

•  ZriUchr.  (   phymloL  Chem..  «7. 
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D  and  E;  a  third  between  D  and  E,  nearly  at  E;  and  lastly,  a  fourth  broad 
and  dark  band  between  b  and  F.    On  the  addition  of  an  alkaline 
chloride  solution  the  spectrum  changes  more  or  less  rapidly,1  and  finally 
a  spectrum  is  obtained  with  only  two  bands,  one  of  which  surrounds  D 
and  the  other  lies  between  D  and  E.    if  an  acid  haDmatoporphyrin  solu- 
tion is  shaken  with  chloroform,  a  part  of  the  pigment  is  taken  up  by  the. 
•form,  and   this  solution  often  shows  a  five-banded  spectrum  with 
two  bands  between  C  and  D.     The  position  of  the  harmatoporphyrin  bands 
in  the  spectrum  differs  with  the  various  methods  of  preparation  and  other 
conditions,  so  that  they  do  not  correspond  to  the  same  wave-length. 

In  regard  to  the  preparation  of  luematoporphyrin,  see  Hoi  ER- 

Thierfxlder's  Handbuch,  7.  Aufl.,  and  the  w<  1  page  179. 

Bjtmatinogen  is  a  ferruginous  pigment  so  named  by  Freund,*  which  he  ob- 
tained by  carefully  extracting  blood  with  alcohol  containing  hydrochloric  acid. 
It  is  lated  to  hsematin,  but  is  not  sufficiently  characteristic  and  is  not 

considered  as  a  cleavage  product. 

Ilsematoidin,  thus  called  by  Virchow,  is  a  pigment  which  crystallizes 
luge-colored  rhombic  plates,  and  which  occurs  in  old  blood  extravasa- 
and  whose  origin  from  the  blood-coloring  matters  seems  to  be  estab- 
lished (Langhans,  Cordua,  Quincke,  and  others  *).    A  solution  of  haema- 
B  shows   no  absorption-bands,    but   only   a  strong  absorption  of   the 
violet  to  the  green  (Kwu.o  4).     According  to  most  observers,  lurmau.idin 
»  identical  with  the  bile-pigment  bihrubin.     it  is  not  identical  with  the 
wrstallizable  lutein  from  the  corpora  lutai  of  the  ovaries  of  the  cow  (Pic- 
colo, and  Likhkn/1  Ki  mm;  and   I. v., 

In  the  detection  of  the  above-described  blood-coloring  matters  the 
spectroscope  is  the  onjy  entirely  trustworthy  <>f  investigation.     If  it 

Bonly  necessary  to  detect  blood  in  general  ami  not  to  detenu  itely 

wbHher  the  coloring-matt  t  ooglobia,  methn?moglobiu,  or  hamatin, 

^cn  the  prepa  rati  min  crystal    I  olutely  positive  proof,    The 

neder  is  referred  to  n.  tided  text-books  for  exacter  methods  for  the 

ion  of  blood  in  chemico-legal  cases,  and  it  is  perhaps  sufficient  to  give 
here  the  chief  points  of  the  investigation. 

If  spots  on  clothes,  linen,  wood,  etc.,  are  to  be  tested  for  the  presence 
°f  blood,  it  is  best,  when  possible,  to  scratch  or  shave  off  as  much  u  pos- 
*We,  rub  with  common  salt,  and  from  this  prepare  the  hnmiD  crystals. 
results  the  presence  of  blood  is  not  to  be  doubted. 
\hen  sufficient  material  is  not  obtained  by  the  above  means,  soak  the  spot 
*>th  a  few  drops  of  water  in  a  watch-crystal.     If  a  colored  solution  is 

inramarsten,  Skand.  Arch.  f.  Physiol.,  3,  and  Garrod  Joum.  of  Physiol .,  |:>. 
'  TTkn.  klin.  Wochenschr.,  1903. 

'  A  comprehensive  review  of  the  literature  pertaining  to  ha-matoidin  may  be  found 
>o  Sudelmann :  Der  Icterus,  etc.     Stuttgart,  1891.     Pages  3  and  45. 

tear,  f  BtcJogie,  22,  475. 
*Cit.  from  Gorup-Bcsanex:  Lchrbuch  d.  physio!.  Chein.,  4.  Aufl.,  1878. 


thus  obtained,  then  remove  the  fibres,  wood-shavings,  and  the  like  as  far  as 
possible,  and  allow  the  solution  to  dry  in  the  watch-glass.  The  dried 
residue  may  be  partly  used  for  the  spectroscope  test  directly,  and  part 
may  be  employed  in  the  preparation  of  the  harniin  crystals.  It  may  also 
to  detect  hrcmnchromogen  in  alkaline  solution  after  previous  treat- 
ment with  alkali  and  the  addition  of  reducing  substances. 

If  a  colorless  solution  is  obtained  after  soaking  with  water,  or  the  spots 
BK8  "n  rusty  iron,  then  digest  with  a  little  dilute  alkali  (5  p.  m.).     In  the 
of  blood  the  solution  gives,  after  neutralisation  with  hydrochloric 
and  drying,  B  residue  which  may  give  the  h:rmin  crystals  with  glacial 
acid.     Another  part  of  the  alkaline  solution  shows,  after  the  addi- 
tion of  St0EB8j  reduction  fluid,  the  absorption-bauds  of  hicmochromogen 
in   ulkaline  solution. 

The  methods  proposed  for  the  quantitative  estimation  of  the  blood- 
coloring  matters  are  partly  chemical  and  partly  physical. 

Among  the  chemical  methods  to  be  mentioned  is  the  ashimr  of  tfae  blood 
and  the  determination  of  the  amount  of  iron  oontahwd  therein,  from  which  the 
amount  of  hrrMiiogl.il iin  maybe  calculated.  Jou.eh  '  has  recently  mggaafted  a 
clinical  method  based  ou  the  iueim-pition  of  the  blood  and  determination  of  the 
iron  in  the  ash. 


The  physical  methods  consist  either  in  a  colorimetric  or  a  spectroscopic 
investigation. 

The  principle  of  Hoppe-Seyler's  colorimetric  metlwd  is  that  a  measu 
quantity  of  blood  is  diluted  with  an  exactly  measured  quantity  of  n 
until  the  diluted  blood  solution  has  the  same  color  as  a  pure  oxyhf 
globin    solution   of   a   known    strength.     The   amount    of   ©oil 

it  in  the  ondflnted  Mood  may  be  easily  oaloulated  From  the  degn 
dilution.     In   the  colorimetric   testing  we  use  a  glass  vessel  with   parallel 
sides  containing  a  layer  of  liquid  I  cm  thick  (  Hop  h:ematinom- 

eter).       The  use   of  11  i.kh's   colorimetric  double  pipette  is   more 

advantageous.    Othei  tppaiatus  have  been  constructed  h 

and  Zangbkhuzstbr.1     Instead  of  an  oxyhemoglobin  solution  we  now 
erally  use  a  oarbon-rnonoxicle   ha?moglobin  solution  as  comparison  li 
because  it  may  be  kept  for  a  long  time.     The  blood  solution  in  this  case 
is  saturated  with  carbon  monoxide.3 

The  quantitative  estimation  of  the  blood-coloring  matters  by  means  of 
be  done  in  different  ways,  but  at  the  present  time 
the  8pcctrophotomtitric  method  is  chiefly  used,  and  this  seems  to  be  the 
<le.     This  method  Is  based  on  the  fact  thai  the  extinction  coefli 
of  a  colored  liquid  for  a  certain  region  of  the  spectrum  is  directly  propor- 
tional to  the  concentration,  so  that  C:E=(\  :/.',.  when  C  and  C.r 
sent  the  different  concentrations  and  E  and  Et  the  corresponding  coefficients 

1  Pfliiger'n  Arch  ,  fi.'i,  and  Monutsbeftc  f.  Chcra.,  17. 

•F,   Hoppe-Bejrler,  ZeiftMhr.  f.  physiol.  Chetn.,  16;    G.  Hoppe-Seyler,  ibid.,  21; 

Wint-niii/.  ibid . .    (liacosa,  Maly'*  Jahresber.,  26;    Znugermeistcr.  Zdt.schr.  f.    Hiolo- 
gi<>,  83. 

H  Ilaldane,  Journ.  of  Physiol.,  26. 
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C     C 
of  extinction.    From  the  equation  -^  =  -1,  it  follows  that  for  one  and  the 

same  pigment  this  relation,  which  is  called  the  absorption  ratio,  xnaai 
toimtant.     If  the  absorption  ratio  is  represented  by  -l,  the  determined 
extinct: on  eoeffieienl  by  5,  and  the  concentration  (the  amoui  >ring 

-  in  grama  in  l  c.  c)  by  C,  then  C    .1  •  ft 
Different  apparatus  have  been  constructed  (VlBROBZrl  and  Hufner  l) 
mnation  of  the  axtinetioo  coefficient  which  is  equal  to  the 
negative  logarithm  of  those  rays  of  light  which  remain  after  the  passage  of 
tte light  through  a  layer  1  em.  thick  of  an  absorbing  liquid.     In  regard  to 
this  apparatus  the  reader  is  referred  to  other  text-books. 

As  control  thp  extinction  coefficients  are  determined  in  two  different  regions 

of  the  spectrum.     BuiWl  i  m-  i  wo  absorption 

bond*  of  oxyh&nogk&ta,  especially  between  the  wave-lengths  564  ftp  and  "><>j  /i/i, 

and <.6.»  the  region  between  the  two  bands,  especially  the  interval  between  the  wave 

i  .-j  up  and  o42.5  fifi.     The  constants  or  the  absorption  ratio  for  these 

two  regjoni  ipectrum  are  deeigi  by  A  and  .1'     I 

tbe  d<  oi    the  blood  musl  be  diluted  with  water,  and  if  the  proportion 

H dilution  of  the  blood  We  represented  by  V,  then  the  concentration  or  the  amount 
oi  coloring  matter  in  100  parts  of  the  undiluted  II!  i 

C-100.  V  .A  .  E  and 
C-100.  V  .A'  .E' . 

The  absorption  ratio  or  the  constants  in  the  two  above-mentioned  regions 
<*  the  spectrum  h:ive  DSSD  determined  for  oxyhemoglobin,  Iia^nciglobin,  carbon 
ttuooiade,  and  methiemoglobin,  as  follows: 

Oxyhamoglobin A..  =  0.002070  and  A',  -0.001312 

Ar  -0.001354  and  A'r  -0 .001 

bon-inon  ,  -0.001383  and  A\  -0.003 

Mcthanioglobin Am  -0.00J077  and  A'm  -0.001 7 

The  quantity  of  each  coloring  matter  may  be  determined  in  a  mixture  of 
t*o  blood-color  his  method;   this  is  of  special  importance  in 

the  determination  of  the  quantity  of  oxyhemoglobin  and  lurmoglobin  present 
^  bli_.nl  at  the  same  time. 

border  to  facilitate  these  determinations  HthncnB' haa  worked  out  tal 
»hidi  give  the  relation  between  the  two  pigments  existing  In  n  solution  contain- 
"foxvhaymoglobin  and  another  pigment  (taamoglobm,  meuuemoglobtn,  or  carbon- 
toonoxide  haemoglobin),  and  thus  allowing  of  the  cal<  ulntion  of  the  absolute  quan- 
%  of  each  pigment. 

Among  the  many  apparatus  const  rue  ted  for  clinical  purposes  for  the 
quantitative  estimation  of  hmmoglobin.  I  nnonieter,  which  has 

undergone  numerous  modifications,  ami  HenogqUB's  hwmotoacope  are  to  be 
*pecially  mentioned.  In  regard  to  these  apparatus,  see  v.  Jaksch,  ivlinische 
Kagnostik  innerer  Krankheilcn,  4  Auflage,  1897,  and  Jaquf.t,  Corresp. 
Blatt.  f.  Behweas.  Aerzte,  1897;  Gartner,  Munchencr  Med.  Wochen- 
*k,  1901. 


'See  Vierordt,  Die  Anwundung  dis  Spektralapparatca  iu  Photometric,  etc.  (Tiibin- 
po.  1873),  and  Hiifucr.  Du  Bois-Rcymond's  Ar.  md  Zeitachr.  f.  physioL  Cbem., 

1;  OttO,  Pfluger's  Arch.,  31  anil  30. 
•Arch.  f.  (Anat.  u.)  Physiol  ,  l'.Hio 
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THE  BLOOD. 


Many  other  pigments  are  found  besides  the  often-occurring  ruemogfc 
in  the  blood  of  invertebrate.  In  a  few  Araehnidie,  Crustacea,  Gasteropoda, 
and  Cephalopoda  a  body  analogous  to  haptoglobin,  containing  copper,  htrmo- 
cyanin,  has  been  found  by  Fkkdkkicq.  By  the  taking  up  of  loosely  bound  oxygen 
this  body  ifl  BOaverted  into  blue  oxyharmocynnin,  and  by  the  esca|>e  of  the  oxygen 
become*  nilnrlesa  again.  According  to  Henze  I  grm.  hffmoryanin  combines 
ibout  0.4  c.  c.  oxvgen.  It  is  crystalline  and  lias  the  following  composition: 
C  68.66:  H  7.:«;  N  lfi.09;  S  O.Sri;  Cii  0.38;  O  21.67  per  rent.  A  coloring  m 
<'.ill<  d  i  U  rocruain  by  LunoBrax  fa  found  in  certain  ChtBtopodft,    Hn-merythrw, 

so  railed  hy  KitrM-.-.  r.n:.  but  first  observed  by  Scuwalhk,  is  a  red  coloring 
matter  from  certain  Cephyrea.  Besides  ha»mocyanin  we  find  in  the  blood  a  . 
certain  Crustacea  the  red  00 luring  matter  tetrtmerytkrin  (Hai.i.:ri7hto.v'>,  which 
is  also  widely  spread  in  the  animal  kingdom.  Echinochrom,  so  named  by  Macv 
Monn,1  is  a  brown  coloring  matter  occurring  in  the  perivisceral  fluid  of  a  variety 
of  echinoderms. 

The  quantitatiw  constitution  o]  the  red  blood-corpuscle*.     The  amount 
of  water  varies  in  different  varieties  of  blood  between  570-044  p.  m..  with 
a  corresponding  amount,  430-356  p.  in.,  of  solids.     The  chief  mass, 
■fa— r^iof  the  dried  substance  consist  of  ha-muglohin  (in  human  and 
malian  blood). 

According  to  the  analyses  of  Hoite-Seyleb  '  and  his  pupils,  the  red 
corpuscles  contain  in   1000  parts  of  the  dried  substance: 

HjhikjuImIuu.  Proteid.  Lecithin.  CbolMUria. 

Human    blood 868-044  122-ol  7.2-3.5             2.5 

Dog's          "     865  126  5.9                 3.6 

case's       "     627  364  4.6                 4.8 

Snake's      "     467  525 


Abderhaldex  found  the  following  composition  for  the  blood-eor 
from    the   domestic    animals   investigated    by   him:     Water,    591.9  I 
p.  m.;  solids,  408.1-355.7  p.  m. ;  luemnglobiii,  303.3-331.9  p.  m.;   proteid. 
5.32    (dog)-78.5  p.   m.   (sheep);    cholesterin,  0.388   (horae)-3.593  p. 
(aheap);  and  ledtfein,  2.296  (dog)-4.855  p.  m. 

( )f  special  interest  is  the  varying  proportion  of  the  liaemoglobin  to  the 
proteid  in  the  nucleated  and  in  the  non-nuele:it«*d  blood-corpuscles.  These 
last  are  much  richer  in  haemoglobin  and  poorer  in  proteid  than  the  others. 

The  amount  of  mineral  bodies  in  various  species  of  animals  is  different, 
to  I*i  WOT  and  Abdehhalden  the  red  corpuscles  from  the  pig, 
horse,  and  rabbit  contain  no  soda,  while  those  from  man,  the  ox,  sheep,  goat 
dog,  and  cat  are  relatively  rich  in  soda.  In  the  five  lastrmentioned  species 
the  amount  of  soda  was  2.135-2.856  p.  m.  The  quantity  of  potash  was 
0.257  (dog)-0.744  p.  m.  (sheep).     In  the  horse,  pig,  and  rabbit  the  quantity 

1  Fredericq,  Extrait  d<*  Bulletins  de  l'Acad.  Roy.  de  Belgique  (2),  46,  1878;  Lan- 
keeter,  Journ.  of  Anat.  and  Physiol.,  2  and  4;  Heure,  Zcitachr.  t.  physiol.  Chem..  33; 
Krukenberg,  see  Vergl.  Physiol.  Studien,  Reihe  1,  Abth.  3.  Heidelberg,  1880; 
burton,  Journal  of  Physiol.,  6;  MacMunn,  Quart.  Journ.  Microsc.  Science,  1885. 

»  Med.-chcm.  Unterauch.,  300  and  393. 
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f  potash  was  3.326  (horse) -5.220  p.  m.  (rabbiO.     Human  blot>d-.-<.r-puscles 

contain,  according  to  Wanach.  about  five  linn's  as  much  potash  as  soda, 

on  an  average  3.99  p.  m.  potash  and  0.75  p.  m.  soda.      The  nucleated 

erythrocytes  of  the  frog,  toad,  and  turtle  contain.  tazzi 

and  Capi'Ki.i.i.'    also   considerably  more  potassium   than  sodium.     T.ime  is 

claimed  to  be  absent  in  the  blood-corpuscles,  and  magnesia  occurs  only 

in  small  amounts:  0.016  (sheep)-O.loO  p.  m.  (pig).    The  blood-corpuscles 

animals  i]  id  contain  rhlorin.-,  0.460-1.949  p.  m.  (both  in  horse), 

generally  1  to  2  p  I  phoric  acid.     The  amount  of  inorganic 

phosphoric  acid  shows  gTeat  variation:  0.275  (sheep)-1.916  p.  m.  (horse). 

All  above  figures  are  calculated  on  the  fresh,  moist  blood-corpuscles. 

By  quantitative  determinations  of  the  nralttng  and  shrinking  of  the  cells 
ander  tin  itions  of  various  concentration  or  <»f  scrum  of 

nrious  dilutions, HAMBUBGIR  has  attempted  to  determine  fat  the  erythrocytes, 
m  <rell  as  the  V  sntsn  relationship  betwivn  the  two  dhiel  oon- 

nituents  of  th<  uc  and  the  intracellular  Quid]      He  found  that  the 

Tohme  of  the  frame  substance  for  both  varieties  of  Mood  OOrpttOOlei  of  the  horse 
;ual  to  53-50.1    per  ••cut.     The  volume  for  I  lie   red    blood-corpuscles  was 
lor  the  rabbit  48.7-61 :  hen.  62. i  -57.7,  and  Car  the  frog,  72-70.4  per  cent.     Koeppe 
kis  raised  ol  -to  these  determinations.3 

The   White   Blood-Corpuscles  and  the  Blood-Plates. 

The  White   Blood-corpuscles,   also   called.   Li  r   Lymphoid 

iiili  occur  in  the  blood  in  varying  shapes  and  sizes,  form  in  a  state 
of  reet  spherical  lumps  of  a  sticky,  highly  refractive,  non-membranous 
protoplasm,  capable  of  motion  and  which  show  1-4  nuclei  on  the  addi- 
tion of  water  or  acetic  acid.  In  human  and  mammalian  blood  they  are 
larger  than  the  red  blood-corpuscles.  They  have  also  a  lower  specific 
Parity  than  the  red  corpuscles,  move  in  the  circulating  blood  nearer  to  the 
**Us  of  the  blood-vessels,  and  have  also  a  slower  motion. 

The  number  of  white  blood-corpuscles  varies  not  only  in  the  different 
blood-vessels,  but  also  under  different  physiological  conditions.  As  an 
average  there  is  only  1  white  corpuscle  for  350-500  red  corpuscles.  Accord- 
mg  to  the  investigations  of  Ai.kx.  Schmidt5  and  his  pupils,  the  leucocytes 
•re  destroyed  in  great  part  on  the  discharge  of  the  blood  before  and  during 
coagulation,  so  that  discharged  blood  is  much  poorer  ts  leucocytes  than 
insulating  blood.  The  correctness  of  this  statement  has  been  denied 
ty' other  investigators. 

in  a  histological  standpoint  we  generally  discriminate  between  the 

'fiunge,  ZeiUchr  f.  Hiologie,  12,  and  Abderhaldcn,  Zeitschr.  f.  physiol.  Chem.,  23 
•ad  25;  Wanach,  Maly 'n  Jahresber.,  IS,  88;  liottazzi  and  Cappelli,  Arch.  Hal.  de  Biolo- 
P*.  82. 

'Hamburger,  Arch  f.  (Anat.  u.)  Physiol..  1898;   Koeppe,  ibid.,  1899  and  1900. 

•Pfluger'a  Arch.,  11. 
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different  kinds  o!  colorless  blood-corpuscles ;    chcmicaUy  considered,  how- 

mown  essential  difference  between  them.    With  regard  bo 

their  importance  in  the  coagulation  of  fibrin  Alkx.  BCSMEDI?  and  his  pupils 

distinguish  l vivmvh  the  Isosoeytea  which  are  destroyed  by  the  ooaguli 
and  tihaee  which  We  DOt.    The  last  I  ed  give  with  alkalies  or  common- 

salt  solutions  a  slimy  mass;   the  first  do  not  show  such  behavior. 

ih..'  protoplasm  of  the  ho  baa  during  1  if «*  anxebaid  movemeni 

which  partly  make  possible  the  wandering  nf  the  cells  and  partly  the  takii 
up  of  smaller  grains  or  foreign  bodies  within  the  same.      On  these  grounds 
the  OOMUNUDe  of  m\n*sin   in  them  has  l>een  admitted  even  without  any 
s[xvial  proof  thereof.     Ai.kx    S-  umidt  claims  to  have  found  serglcbm 
equim^-blood  I  f  !i  h  bajve  bean  washed  with  ice-cold  water.  There 

are  also  certain  l>  as  above  stated,  which  yield  a  slimy  mass  when 

treated  with  alkalies  or  X:-.'  ns.  which  seems  to  be  identical  with  the 

so-called  hyaline  substance  of  Hovida  found  in  the  pus-cells.     On  digesting 
the  Ieueocvte>  wHh  water.  |  D  of  a  protein  IxkIv  is  obtained  whlefa  can 

l»e  pnvipitatod  by  acetic  acid,  and  forms  the  chief  mass  of  the  leueoc 
llua  substance,  which  la  undoubtedly  concerned  in  the  coagulati 
blood,  has  been  described  under  different  names  (see  Chapter  V,  page  116), 
and  consist*,  chiefly  at  least,  of  nurleoproteid.    The  ordinary  view  that 
this  is  nurlcohiston  does  not  seem  to  Ite  correct,  according  to  the  r. 
investigations  of  ILtsa.1  and  further  proof  b  necessary. 

cogen,  as  above  stated,  is  found  in  the  leucoc.vtes.  The  glyi 
found  by  IhrrKKT.  OBSMTT,  Pastok.'  and  others  in  blood  and  lymph 
probably  originate*!  (mm  the  leucocytes.  The  constituents  of  the  leuco- 
cytes are  the  same  as  the  constituents  of  the  cell  as  described  in  Chapter  V, 
The  blood-plates  ituzaoscao's),  hasnaLoblast*  (Harm),  whose  nature, 
performed  occurrence,  and  physiological  importanre  have  been  much  ques- 
tioned are  pale,  colorless,  gummy  disks,  round  or  more  oval  in  shape  and 
generally  with  a  diameter  two  or  three  tunes  smaller  than  the  red  blood- 
rorpusrk*.  The  blood-plates  separate  into  two  substances  by  the  action  of 
diflerent  reagent*,  namely,  one  which  fe  lwiinag«mrwiii  and  non-refractive, 
while  the  other  *  highly  rrfrartive  and  granular.  Blood-plates  readily 
start,  together  and  attach  themselves  to  foreign  bodies. 

oediqe;  to  the  Tteoarcbea.  of  Kossxl  and  of  Lililsteld  '  the  blood- 
pUuw  caesift  of  a  coenucal  nenliinnwai  Ulasssi  protod  and  nuclein, 
and  hence  they  are  abo  eaUed  wmci*%*-f*mr»  by  lAtsxnxo,  and  are  con- 
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Path.  a.  FWnn  .  51; 
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sidered  as  derivatives  of  the  cell  nucleus.  It  seems  certain  that  the  blood- 
plates  stand  in  a  certain  relationship  to  the  coagujation  of  blood,  and 
according  to  Lilienfeld  the  fibrin  coagulation  is  indeed  a  function  of  the 
cell  nucleus.    The  views  on  this  subject  are  unfortunately  very  divergent. 

HI.  THE  BLOOD  AS  A  MIXTURE  OF  PLASMA  AND  BLOOD-CORPUSCLES. 

The  blood  in  itself  is  a  thick,  sticky,  light  or  dark  red  liquid,  opaque 
even  in  thin  layers,  having  a  salty  taste  and  a  faint  odor  differing  in  differ- 
ent kinds  of  animals.    On  the  addition  of  sulphuric  acid  to  the  blood  the 
odor  is  more  pronounced.    In  adult  human  beings  the  specific  gravity 
ranges  between  1.045  and  1.075.    It  has  an  average  of  1.058  for  grown 
men  and  a  little  less  for  women.    Lloyd  Jones  found  that  the  specific 
gravity  is  highest  at  birth  and  lowest  in  children  when  about  two  years  old 
and  in  pregnant  women.    The  determinations  of  Lloyd  Jones,  Hammer- 
schlag,1  and  others  show  that  the  variation  of  the  specific  gravity,  depend- 
ent upon  age  and  sex,  corresponds  to  the  variation  in  the  quantity  of 
haemoglobin. 

The  determination  of  the  specific  gravity  is  most  accurately  done  by 
means  of  the  pyknometer.  For  clinical  purposes,  where  only  small  amounts 
are  available,  it  is  best  to  proceed  with  the  method  as  suggested  by  Ham- 
Merschlag.  Prepare  a  mixture  of  chloroform  and  benzene  of  about  1.050 
8p.  gr.  and  add  a  drop  of  the  blood  to  this  mixture.  If  the  drop  rises  to 
the  surface  then  add  benzene,  and  if  it  sinks  add  chloroform.  Continue 
this  until  the  drop  of  blood  suspends  itself  midway  and  then  determine 
the  specific  gravity  of  the  mixture  by  means  of  an  areometer.  This  method 
*s  not  strictly  accurate  and  must  be  performed  quickly.  In  regard  to  the 
Necessary  details  refer  to  Zuntz  and  A.  Levy.' 

The  reaction  of  the  blood  is  alkaline  towards  litmus.     The  quantity  of 

aHcali,  calculated  as  NajC08,  in  fresh,  non-defibrinated  blood  from  the 

dog,  horse,  and  man  is,  according  to  Loewy,  4.93,  4.43,  and  5.95  p.  m. 

respectively.    According   to   Strauss,    the   average   for   normal   human 

hlood  may  be  calculated  as  about  4.43  p.  m.  Na,C03.    Below  3.3  p.  m. 

and  above  5.3  p.  m.  are,  according  to  him,  to  be  considered  as  pathological. 

v-  Jaksch  found  the  quantity  of  alkali  in  man  to  vary  between  3.38  and 

3.90  p.  m.  and  Brandenburg  found  3  p.  m.  NaOH  (  =  3.98  p.  m.  NajCOj). 

The  alkaline  reaction  diminishes  outside  of  the  body,  and  indeed  the  more 

quickly,  the  greater  the  original  alkalinity  of  the  blood.     This  depends  on 

the  formation  of  acid  in  the  blood,  in  which  the  red  blood-corpuscles  seem 

to  take  part  in  some  way  or  another.    After  excessive  muscular  activity  the 

alkalinity  is  diminished  (Peiper,  Cohnstein),  and  it  is  also  decreased 

'Lloyd  Jones,  Journ.  of  Physiol.,  8;    Hammerschlag,  Wien.  klin.  Wochenschrift, 
1890,  and  Zeitschr.  f.  klin.  Med.,  20. 
'Zuntz,  Pfluger's  Arch.,  66;   Levy,  Proceed.  Roy.  Soc.,  81. 
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after  the  continuous  use  of  acids  (Lassar,  Freudberg  ')•  Numerous  inv( 
MgBtffWW  have  been  made  in  regard  to  the  alkalinity  of  the  blood  in  disease, 
but  as  there  BB  at  pXOBSnt  DO  trustworthy  method  for  estimating  t he  alkalinity 
of  the  blood,  tlu-.-c  investigations,  as  al.  UrniorHs  in  regard   to  the; 

ological  alkalinity,  require  further  substantiation.1  Attention  must. 
abb  be  Balled  to  what  was  stated  (page  160)  in  regard  to  the  detenninatiun 
of  the  alkalinity  of  blood-serum — that  detmninations  are  made  Only  of  the 
titra table  alkali  and  not  of  the  true  alkalinity  caused  by  hydroxyl  ions. 

The  alkali  of  the  blood  exists  in  part  as  alkaline  salts,  cad  :ind 

phosphate,  and  part  in  tion  with*  p  rote  id  0*  bi  moglobin.     Thfl 

are  often  spoken  of  as  readily  diffusible  alkalies,  while  the  others  are  Dot,  Of 
are  only  diffusible  with  difficulty  (see  page  157).  The  readily  as  well  as 
the  difficultly  diffusible  alkali  is  divided  between  the  blood-corpuscles  and 
plasma,  and  the  blood -corpuscles  seem  to  be  richer  in  difficultly  diffusible 
alkali  than  the  plasma  or  .serum.  This  division  may  be  changed  by  the 
influence  ol  Dry  small  aiihuml.-:  of  arid,  also  carbon  di..\ide,  and  also( 

by  Zuntz,  LoEWYand  Zuntz,  II  a.miu'Rcjer,  Limukck  and  GunBEn/ 
bo  tnflnenoe  of  pintorj  <\(  hange  of  gas.    The  I '1<  Mid-corpuscles 

pVB  up  a  pari  of  the  alkali  united  with  pml rid  io  the  serum  by  the  action 

rbon  dioxide,  hence  the  serum  becomes  more  alkaline.  The  equi- 
librium of  the  eamotii  En  the  blood -corpuscles  and  in  the  serum 
is  hereby  destroyed j  the  blood-corpuscle!  -swell  up  because  they  take  up 
water  from  the  serum  and  this  then  becomes  more  concentrated  and  debet 
in  alkali,  proteid,  and  sugar.    Under  the  influence  of  oxygen  the  corpuscles 

tike  their  original  form  again  and  the  above  changes  are  restored.  The 
blood-mrpuscles  for  this  reason  are  less  biconcave  in  their  small  diameter  in 
venous  than  in  arterial  blood  (Hamhuiujer). 

The  color  of  the  blood  is  red— light  scarlet-red  in  the  arteries  and  dark 
bluish-red  in  the  veins.  Blood  free  from  oxygen  is  dichroitic,  dark  red 
by  refl  light,  and  green  by  transmitted  light.    The  blood-coloring 


1 1-oewy,  Pfluger's  Arch.,  .>S,  which  also  contains  the  references  to  the  literati 
n.  Strauss,  Zcitechr.  f.  klin.  Mud.,  30;  v.  Jakaefc,  hid.,  IS;  Npar,  Virchow'a  Ai 
tU    <  oho  Item,  Jbid  ,  130,  wbirh  also  cites  the  works  of  Minkowski,  Zuntz,  and 

I  berg,  ibid.,  IK.   Bee  alao  Weiss,  Zeitsohr.  f.  physiol.  Cbem.,  3S;  Branden- 
burg, Zeitsohr    f   klin.  Med  .  I.'i 

:  In  ragatd  to  thfl  method*  for  the  estimation  of  the  alkalinity  see,  besides  the  above- 
mentioned  mithora,  v.  Jakaeh,  Klin.  lik;  v  Limbeck,  Wien.  mei  r,  18: 
Wright,  The  Lancet,  1807;  Biernacki,  Beitrage  inr  Prn  hr.  i. 
klio  Mod.,  31  and  II  9aml  nrger,  Mine  Ifethode  car  Trennung,  etc.,  Du  Bais-Rey- 
round's  Arch,  1898.     See  also  Maly's  Jahregber.,  29,  30,  and  31. 

'Zuntz  in   Hermann  "s  ,  da   Physiol,  4.  Abth.  2;    I.oewy  and  Zuntz, 

Pfliiger's  Arch.,  68;     Hamburger,  Du  Bois-Reymond's  Arch.,   1894  and    1898,  and 
Zeitschr  1.  28  and  :;•"-;  v.  Limbeck,  Arch.  L  eacp.  Path.  u.  l'harm.,S5;  Ci 

Sitzungsber.  d.  phys.  med.  QawiBtCh.  BU  Wurzburg,  1895. 
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matters  neeur  in  die  blood-corpuscles.  For  this  nUOB  blood  is  o;< 
thin  layers  an. I  acts  as  a  "dcck-jnrbe."  If  the  hrwnoglohin  is  rem. 
from  the  stroma  and  dissolved  by  the  Mood  liquid  by  any  of  the  abate- 
ment, as  (see  page  102),  the  blood  becomes  transparent  end  ails 
then  like  a  "lake  color"  Less  red  from  tti  interior,  and 
this  laky  blood  is  therefore  darker  in  thicker  layers.  On  tba  addition  of 
salt  solutions  to  the  blood-corpuscles  they  shrink  and  more  lit^lit  Is  reflected 

unl  the  color  appears  lighter.      A  great  abundance  of  ml  OOTJ  D  tktB 

the  bland  darker,  while  by  diluting  with  Beram  01  by  a  greater  abundance 
of  white  corpuscles  the  blood  becomes  lighter  in  appearance.  The  different 
colors  of  arterial  and  of  venous  blood  depend  on  the  varying  <niantity  of 
gw  contained  in  these  two  varieties  of  blood,  or  better,  on  the  different 
amount    i  bin  and  hamo^obm  theg  oastatn. 

The  most  striking  property  of  blood  eonsiala  in  its  coagulating  within  a 
r  or  longer  time,   but  as  a  rule  very  .shortly  after  leaving  the  vein. 

ortnt  kinds  of  blood  coagulate  with  varying  rapidity;  in  human  blood 
the  first  marked  sign  of  coagulation  (a  seen  in  two  to  three  minutes,  and  within 
seven  to  eight  minute-  the  blood  a  thoroughly  converted  into  ■  gelatinous 

DM.     If  the  blood  is  allowed  to  coagulate  slowly,  the  red  coqniscles  have 

e  the  coagulation,  and  the  blood-clot  then 
stows  aB  upper  yellowish-gray  or  reddish-gray  layer  consisting  of  fibrin  en- 
closing chielly  mlorl.-s-  oojpasclei  Thfa  layer  has  been  called  rrusta  in{hnn- 
"utoria  or  phlogiston,  because  it  has  been  especially  observed  in  infiam- 
oatorv  see  and  is  considered  one  of  the  characteristics  of  them.    This 

crosta,  or  "huffy  coot,"  is  not  characteristic  of  any  special  disease  and  it 
owurs  chiefly  when  the  blood  coagulates  slowly  or  when  the  blood-corpuscles 
Wtlemore  quickly  than  usual.     A  buffy  coat  Is  often  in  the  -1 

coagulating  equine  blood.  The  blood  from  the  capillaries  is  not  supposed 
to  have  the  power  of  coagulating. 

Coagulation  is  retarded  by  cooling,  by  diminishing  the  oxygen  and 
increasing  the  amount  of  carbon  dioxide,  which  is  the  reason  that  venous 
Wood  and  to  a  much   higher  degree  blood   after  asphyxiation  coagulates 
lowly  than  arterial  blood.    The  coagulation  may  be  retarded  or  pre- 
l>y  the  addition  of  acids,  alkalies,  or  ammonia,  even  in  small  quanti- 
ties by  concentrated  solutions  of  neutral  alkali  salts  and  alkaline  earths, 
^kali  oxalates  and  fluorides;    also  by  egg-albumin,  solutions  of  sugar  or 
gutn,  glycerine,  or  much  water;  also  by  receiving  the  blood  in  oil.    Coagula- 
irevented  by  the  injection  of  a  proteose  solution  or  of   an 
on  of  the  leech  into  the  circulating  blood,  but  this  infusion  also  acts 
m  the  same  way  on  blood    just    drawn.     Coagulation    is   also  hindered 
")'  «nake   poison  and   toxins   (see  page    143).     The  coagulation  may  be 
Militated  by  raising  the  temperature;   by  contact  with  foreign  bodies,  to 
*hich  the  blood   adheres;  by  stirring  or  beating  it;  by  admission  of  air; 
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diluting  with  way  small  amounts  of  water;  by  the  addition  of  platinum — 
lil.n  .•  powdered  carbon;   by  the  addition  of  laky  blood,  which  does, 

not  BOt  by  the  presence  <>f  dissolved  Mood-ooloring  matters,  but  by  the- 
gtromata  uf  the  bloocVeorpueclea,  and  also  by  the  n  of  the  leuco— 

j.  f ii mi  the  lymphatic  glands,  or  a  WUiety  saline  extract  of  the  lym — 
phatie  glands,  testicles,  or  thymus  and  various  other  organs  (Dki.kzknxe^. 
it,  Aaasoi l  and  oth- 

An  important  question  to  answer  is  why  the  blood  remains  fluid  in  the*- 
circulation,  while  it  quiekly  coagulates  when  it  leaves  the  circulation.  The*- 
reason  why  blood  coagulates  on  leaving  (he  body  i  re  to  be  soughfc- 

for  in  the  influence  which  the  walls  of  the  living  and  uninjured  blood- vessels- 
exert  Upon  it.  ThflBQ  views  are  derived  from  the  observations  of  many 
investigators.  From  the  obaui'valftOna  of  Hkws<>\,  Listkk,  and  I'ki  i>i  nice* 
it  is  known  that  when  a  vein  full  of  blood  Is  ligatured  at  thfi  -Is  and 

removed  from  the  body,  the  bkod  tnaj  remain  fluid  for  a  long  time. 
Uki •■( 'Ki-:  2  allowed  the  heart  removed  from  a  tortoise  to  beat  at  0°C,  and 

found  that,  the  M I  remained  uneoagulated  for  some  days.    The  blood 

from  another  heart  quickly  coagulated  when  colleeted  over  mercury.  In  4 
dead  heart,  as  also  in  a  dead  blood-vessel,  the  blood  soon  coagulates,  and 
also  when  tin*  walls  of  the  vessel  BID  changed  by  pathological  processes. 

What  men  is  the  influence  which  the  walls  of  the  vessels  exert  on  the 
liquidity  oi  the  circulating  blood?  IiMtxD  has  found  that  the  blood 
remains  fluid  when  collected  hj  maaOJ  of  a  greased  canula  under  oil  or  in  a 
I  smeared  with  vaseline.  If  the  blood  collected  in  a  greased  vessel  be 
beaten  with  a  glass  rod  prevkuefy  oiled,  it  does  not  coagulate,  but  it  quickly 
Coagulates  on  beating  it  with  an  unoiled  glass  rod  or  when  it  is  poured 

•  a  vessel  not  greased.     The  non-coagulability  of  blood  collected  under 
oil   hat  been  confirmed  later  by   Hayciuft  and  Carlier.     Freund  fi 
on  further  investigation  tiutt  i.h  a  of  the  Upper  layers  of  b 

or  their  contamination  with  small  quantities  of  dust  causes  a  coagulation 

i  in  a  vessel  (seated  with  vaseline.    According  to  Freund,3  it  j 

:  sion  between  the  bio u  I     r    B8  the  blood  shows  an  adhesion   t4i  the 

nonnal  vessel  walls  (JJkno  Lew),  bet  form  elements  and  a  foreign 

i tnl  the  diseased  walls  of  the  vessel  also  act  as  such — that  gives 

impulse  towards  coagulation,  while  the  lack  of  adhesion  pn  he 

blood  from  coagulating.    This  adhesion  of  the  form-eiemenl  blood 

lerenne,  Arch,  de  Physiol.   (5),  8;    Wright,  Journ.  of  Physiol.,  2.S;    Arthu*- 
Jouni  de  i'liyiol.  ct  PathoL,  4. 

J  Ih-waon's  works,  edited  by  Gulliver,  London,  1876.     Cited  from  Gamgeo,  T. 
book  <>  Cham  .  1,  1SS0.     Lister,  cito.1  from  Garagec,  Aid.;    Frodericq,  "Re- 

BUf  la  constitution  du  plasma  sanguin,"  Gand,  1878;     Briicke,  Virchow's 
Arch.  H 

1  Freund,  Wien.  med.  Jahrb.,  1880;    llnycruft  and  Carlier.  Joum.  of  Anat.  and 
Physiol  ,  22;   Bono  Levy,  Arch.  f.  (Anat.  u.)  Phyhiol,  1809.     Supplbd. 
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to  certain  foreign  substances  seems  to  induce  changes  which  apparently 
mi  relationship  to  the  coagulation  of  the  blood. 
The  views  in  regard  to  these  changes  are,  unfortunately,  very  contra- 
dictor}-.    According  to   Alex.   Schmidt  '   and    the   Durpat  school  an 
abundant  destruction  of    the  leun  ce  in  coagulation  and 

important  oonstitaente  for  the  coagulation  of  the  fibrin  paxs  into  the  plasma. 
Ammling  to  ot  her  experiment"-  <-ntial  is  not  a  destruction  oi 

leucocytes,  but  an  elimination  of  constituents  from  the  csBo  into  the  plasma. 
Tai<  pnK-rss  is  eaBed  pkismnschixi.v  by  Low  rr.a  The  question  whether  the 
cell-b  db)   or   the  nucleus   (Lilii.nfeld  •)    takes  purl   in   this 

process  remains  for  tin-  plcuqnt  Bndsoadedj  but  it  seems  positively  proven 
that  the  leucocytes  have  a  certain  relationship  to  the  coagulation.  Great 
importance  has  been  a.seribed  to  the  blood  platelets  in  coagulation,  as  certain 
gators  (Bizzozeho,  Lilii.m-i.ij>,  S.  n\\  ai.i  ;  i  have  found  that  they 
cause  or  accelerate  coagulation,  while  others  (I'etrone)  on  the  contrary 
find  a  >  a.-tion.1 

huge*   takes   a  very  prrnliar   position    in   regard    to  this   question: 
he  considers  the  form-elements  as  only  of  secondary  imj>orTn:i  ./illation. 

i    bj    him,  a   peptone-plasma  which    has  Ix-en  freed  from  all  t 

oi-.  o!"  centrifugal  force  yield*  abundant  fibrin  ffben  i1  is  nut 

■epiruted    from    a   substance    which    precipitates   on   cooling.     This  substance, 

Woolobidob  baa  called  A-lihrinogen,  seems  to  all  appearances  to  be  a 

li,  ai -cording  to  the  unanimous  viefl    of  Beveral  inx-stigatora, 

origioaica  from  the  form-elements  of  the  blood,  either  the  blood-platea  of  the 

•rowcytes,  and  the  generally  accepted  view  as  to  the  great  important    of  the 

lorriHlements   in  the  coagulation  of  the  blood  is  not  really  contrary  to  Wool- 

erimenta. 

The  views  are  greatly  divided  in  regard  In  those  boditt  which  are  elim- 
inated from  the  form-elements  of  the  blood  I -<-f« ■r*-  and  during  coagulation. 
cording  to  Alex.  Schmidt  the  leucocytes,  like  all  cell-,  contain  two 
,  one  of  which  accelerates  coagulation,  while  the 
etardfl  or  hinders  it.    The  firel  may  be  extracted  from  the  cells  by 
r  cannot  be  extracted.     Hi.  .ins  only 

'Pfliiger's  Arch.,  11.    Tin-  works  oi   Uea    Schmidt  en  found  la  Arab,  f.  Anat. 
raol  .  1801,  1862;   Pfluger'a  Arch.,  A.  9,  11.  1.1.  tllj  Aim   Schmidt, 

(2),  which  also  gives  the  work  of  his  pupils,  and  Weitero 
p  IUT  Hlutlehro,  1895. 

r.,  89  and  90,  and  Prager  med.  Wochenschr.,  1889.     Referred 

-.trail  d  f.  d.  mod.  Wiasensch.,  28,  265. 

'Glesbaeh,  Pflugar'i  Arch.,  SO,  and  Centralbl  f.  d.  med.  Wissensch.,  1699;   Lilien- 

'dd,  Leber  Leukocy ten  und  Hlutgerinnung,  Verhandl.  d.  physiol.  Gesclbch.  zu  IVilin, 

I,  L892;   Debs  das  Buarigra  Zustead  d«  Blutee,  etc.,  Hi.  1892;  and 

latere  Bcitrage  zur  KeantaiaM  dor  Blutferamong,  ibid.,  July,  1883.     Zeitschr.  f. 

Phvaio*  Chem.,  20. 

ily's  Jahresber,    31,    170;     Schwalbe,    Unters.    M    Blntgerinnung,    etc., 

MUM.). 

'Die  Gerinnung  des  Blutes  (published  by  M.  v.  Frey.  Leipzig,  1891). 
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traces  of  thrombin,  according  to  Schmidt,  but  does  contain  its  an! 
prothrombin.    The  bodies  whirl)  accelerate  coagulation  are  neither  thr- 
nor  prothrombin,  but  they  aet  in  this  wise  in  that  they  split  off  thrombin 
from  the  prothrombin.     On  th  nt  they  are  called  zymoplastic  sub- 

dance*  by  At.rx.  .Schmidt.  The  nature  of  these  bodies  is  unknown,  and 
BctUUOT  has  given  no  notice  of  their  behavior  with  the  lunesalts,  which  have 
been  found  to  have  zymoplastic  activity  by  other  investigators. 

Thfl  constituents  of  tin-  cells  which  hinder  coagulation    and  which  ire 
insoluble  in  aleolmi -< tib i  are  compound    proteid    and  have  been  called 

globin    and    ]>r>ij!alnilin    by    Schmidt.     The    retarding    action    of    these 
v  be  suppressed  by  the  addition  of  zymoplastic  substances,  and 
the  yield  DO  coagulation  in  this  case  is  much  greater  than  in  the 

absence  of  the  Compound  proteid  retarding  coagulation.  This  last  supplies 
the  material  from  which  the  fibrin  is  produced.     The  proce>-  -rding 

to  Schmidt,  as  follow-  die  prcglobulin  first  splits,  yielding  serglobulin. 
then  from  this  the  fibrinogen  B  derived  end  from  tliis  latter  the  fibrin  is 
produced.  Theobjeetof  the  thrombin  is  twofold.  The  thrombin  firs: 
1 1 ii  fibrinogen  from  the  paraglobulin  and  then  converts  the  fibrinoger 
into  fibrin.  The  assumption  that  fibrinogen  can  In.-  split  from  paraglobulin 
has  not  sufficient  foundation  and  is  even  improbable. 

According  to  S<  hmidt  the  retarding  action  of  the  cells  is  prominent 
during  life,  while  the  accelerating  action  is  especially  pronounced  outside 
of  the  body  or  !>v  coining  in  contact  with  foreign  bodies.  The  paronchy- 
mous  masses  of  the  organs  and  tissues,  through  which  the  blood  11  a 
the  capillaries,  arc  those  cell-masses  which  serve  to  keep  the  blood  fluid 
during  life. 

Limknfkld  has  given   further  proof  as  to  the  occurrence  in  the  form- 
ekmentl  "f  the  blood  of  bodies  which  accelerate  or  retard  the  coagulation. 
According  to  this  author  the  nature  of  these  bodies  is  very  markedly  differ- 
ent from  Schmidt's  idea.     While,  according    to  S<  hmidt,  the  eoagub 
accelerators  are  bodies  soluble  in  alcohol,  and  the  compound  proteids  ex- 
hausted with  alcohol  only  act  retanlingly  on  coagulation,  Lilienfkld  states 
the  substance  which  acts  accelerating!  y  and  retanlingly  on  coagulation 
i -;ts  of  a  nucleoproteid,  namely,  nucleohiston.     Nucleohiston   readily 
into  leuconuclein  and  histon,  the  first  of  which  acts  as  a  coagulation- 
excitant,  while  the  other,  introduced  into  the  blood-vascular  system,  c 

vascular  or  extravaecular,  robs  the  blood  of  its  property  of  coagulating. 

intM  ito  the  circulatory  system  the  nucleohiston  splits  into  fa  two 

DtB.     It   therefore  eaus<-s   ex  tensive  coagulation  on  one  side  and 

makes  the  remainder  of  the  blood  uncoagulable  on  the  other.     This  theory 

as  well  as  that  of  Schmidt  is  not  based  upon  sufficiently  positive  facts. 

B&OCKX  showed  long  ago  that  fibrin  left  an  ash    containing  calcium 
phosphate.    The  fact  that  calcium  salts  may    facilitate  or  even  cause 
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ro.itpilation  in  liquids  poor  in  ferment  has  been  known  for  several  years 

Ji  the  researches  of  Hammahsten,  QB2MN,   Kinder,  and  Su\M;ruv. 

The  necessity  of  the  lime  salts  for  the  coagulation  of  blood  and  plasma  was 

shown   positively   bj    the  important  investigations  of  Authi'.s  Bad 

I  S\ I ;n \tani  *  have  also  shown  the  impor- 
tance of  calcium  salts  or  'In-  free  calcium  ions  for  coagulation  without 
explaining  the  mode  of  their  action. 

oording  tn  the  generally  aooeptad  view  of  Annies  ind  Paoks  the  soluble 
ipitable  by  oxalate  are  Decenary  requisites  fbf  (he  fennentrfe 

Uon  of  fibrinogen  because  thrombin  i  naetive  In  the  absence 

ble  lime  salts.    This  vi  Dtenable,  us  shown  by  the   I  -  "f 

Aux.  Schmidt,  Pekeliiahing,  and  HiinnttwwMJ      Thrombiu  acts  as  well  in 
the  absence  as  in  the  presence  of  preoipttable  lime  salts. 

ry   that    tin    ic  ir  Miri,  ii:  sputa  iff  a  protein  substance, 

i  the  fibrinogen,  and  thia  thrombostn  forms  an  ineohibl imbine- 

Uon  with  the  lime  pi  count,  producing  thrombosin  lime  which  separates,  is 

incom  ding  to   Haihiarbtbn,  SohXpkb,   ami,  Ckameh.*     Lilieneeijj'b 

Uiiomhrtsiii  ■■-  but  fibiinogen  which  fa  precipitated  by  a  lime  salt  from  a 

•lUpoor  or  salt  ton 

According  to  PKKXLHAfi]  mbin  is  the  lime  combination  of  pro- 

thrombin, and  the  process,  of  coagulation    con-i:  ( -.  according  to  him,  in 
brombin  transferring  the  lime  bo  the  fibrinogen,  which  is  hereby  ooft" 
verted  into  an  insoluble  lime  combination,  libiin.     Among  the  objections 
urv  can  be  mentioned,  among  other*,  the  fait  that  fibrin  has  been 
obtained  pj  :tely  free  from  lime,  but  still  so  pom*  in   lime  (Hammak- 

i  that  if  the  lime  belongs  to  the  fibrin  molecule  it  must  be  more 
•tow  ten  time-  than  the  beam  globin  molecule,  which  is  not  prob- 

able.   These  as  well  B8  many  other    observations  decide  that  the  lime  N 
•Brierl  be  fibrinogen  only  as  a  contamination. 

it  seems,  the  lime  La  not  of  importance  in  the  transformation  of 
fibrinogen  into  fibrin  in  the  presence  of  thrombin,  si  ill  tin's  does  not  con- 
flict the  above-mentioned  observations  of  Annus  an. I  1'a<;ks  that  the 
desalts  are  necessary  for  the  coagulation  of  blood  and  plasma.  It  is  very 
P^bable  that  the  lime  salts,  as  admitted  by  Pekeuiaring,  are  a  necet- 
requiatc  for  the  transformation  of  prothrombin  into  thrombin. 

1  Hammarsten,  Nova  Acta  reg.  Soc.  Scient.  t*pfial  (3),  10,  1879;  Green,  Joum.  of 
•tyaol,,  N;  Ringer  and  S&iiusbury,  ibid.,  11  and  12;  Arthns  et  Pages  and  Arthus, 
■*  foot-note  4,  page  1  13;  ll.imniarsten,  Zeitschr.  f.  physiol.  Chem.,  22;  Sabbatani, 
I  antralbL  I   Physiol  ,  16,  865. 

'  Hammarsten,  Zeitschr.  f.  pbysiol.  Chem.,  22,  where  the  other  investigators  are 
cited 

'Hammarsten,  I.  c;  Schafer,  Journ.  of  Physiol.,  1";  C'nuner,  Zeitschr.  f.  pbysiol. 
Oera. 

foot-note  6,  page  146,  ly  Virchow's  Festschrift,  1,  1891. 

1  Zeitschr.  f.  physiol.  Cbera 
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It   is  ■  "|'n  st  inn  whether  the  prothrombin  exists  in  the  plasma  of 
circulating.':  blood  «>r  whether  it  i<  a  body  ebminated  mmi  the  farm-elc 
before  coagulation.     Ai.r.x.  ><  B1CIDT  olalnia  « liai  the  circulating  plasma 
tains    prothrombin,   but    I'kkkuiakino  disclaims   this.       l-;iood-plasma 
taincil  by  means  of  leech  infusion  docs  not  coagulate  on  the  addition  of 
lime  salts,  but  does  on  the  addition  of  a  prothrombin  solution.     The  i 
il.nionts,  especially  the    blood-plates,  are    particularly  weO  preserved  in 
such  plasma;    and  according  to   Pekelharincj  it  is  probable  that  th. 

plasma  does  not  contain  any  mentionable  amounts  of  prothrombin, 
aild  that  this  body  emerges  from  the  form-elements,  perhaps  the  blood- 
plates,  before  coagulation.  The  difference  between  the  views  of  Schmii>t 
and  1'eki  !.h ahim;  on  this  point  is  as  follows:  According  to  Schmidt  it  l> 
the  zymoplastic  .substances  which  pass  from  the  form-elements  into  the 
plasma  and  transform  the  prothrombin  existing  preformed  therein.  Pi 
hakim;  claims  that  it  is  the  prothrombin  which  088808  QTOID  the  form- 
elements  into  the  plasma  and  is  converted  into  thrombin  by  the  lime  salts 
of  the  plasma.  The  fact  that  sodium-fluoride  plasma  contains  no  pro- 
thrombin shows  that  the  plasma  of  circulating  blood  does  not  contain  any 
prothrombin  (ArTHUB). 

As  Alex.  Schmidt  lias  shown  that  blood-serum  whose  power  of  excit- 
ing coagulation  has  been  considerably  reduced  by  standing  in  the  ai: 
be  activated  again  by  alkali,  Morawitz  '  found  that  such  a  reactivation 
can  be  brought  about  by  acids  and  by  alcohol  and  that  the  thrombin  fr 
in  this  reactivation  Ls  ^-thrombin,  which  is  different  from  the  a-thrombin 
of  blood-serum.  These  two  thrombins  correspond  to  two  prothrombins. 
The  a-prothrombin  which  occurs  in  oxalate  plasma  Ls  changed  into 
a-thrombin  fay  lime  salts.     There-prothromhin  does  ft  either  in  fresh 

or  in  old  serum;  it  occurs  as  above  stated  in  the  oxalate  p  ut  not  in 

the  ;i  i.    Blood-eerum  always  contains   traces   of   one 

thoanl .in,  the  /^-prothrombin,  which  does  not  occur  in  the  plasma,  but   Ls 
first  produced  in  coagulation  from  an  unknown  substance  by  the  m 
of  the  lime  salts. 

As  the  ^-thrombin  is  not  formed  in  the  coagulation,  according  to  Mora- 
witz, and  as  it  does  not  occur  either  in  sma  or  in  the  serum,  it  is 
ut  that  it  Ik  ig  to  do  with  the  ordinary  coagulation  of  the 
blood  and  hence  can  be  ignored.  According  to  the  later  communication 
of  IfoBAWlTt1  the  fibrin  ferment  active  in  the  coagulation  of  the  bio. 
produced  by  the  combined  action  of  at  least  three  substances:  (a)  th<- 
thromlnnj>:n  (prothrombin  in  the  ordinary  sense),  (b)  the  tJiron>l>.,i. 
(zymoplastic  substance.),  and  (>')  the  time  salts.  The  circulating  plasma 
ogen  or  thrombokinase,  and  the  last-mentioned  I 

1  Bbfaieiater'fl  Beitr&ge,  4. 
'Deiiuch.  Arch  f.  kliu.  M«l  ,  79. 
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is  secreted  in  the  plasma  by  the  form-elements  of  the  blood.  The  throm- 
bogen  originates,  according  to  Morawitz,  from  the  blood-plates.  The 
production  of  the  zymoplastic  substance  or  thrombokinase  is  a  general 
property  of  protoplasm  and  hence  of  the  leucocytes.  This  investigator 
has  also  found  that  a  body  can  be  obtained  from  oxalate  and  fluoride 
plasma  which  has  a  retarding  influence  upon  the  action  of  thrombin  depend- 
ing upon  its  quantity,  hence  it  has  been  called  antithrombin. 

Independent  of  Morawitz,  Fuld  i  has  arrived  in  the  main  at  similar 
results,  although  from  the  short  communication  there  seems  to  be  some 
contradiction.    He  admits  the  necessity  of  three  things  for  the  produc- 
tion of  fibrin  ferment,  namely,  lime  salts,  proferment,  and  zymoplastic 
substance,  which  latter  originates  from  the  various  form-elements.    The 
three  bodies,  proferment,  zymoplastic  substance,  and  the  complete,  active 
ferment,  he  calls  plasmozym,  qjtozym,  and  holozym  respectively.    Contrary 
to  Morawitz 's  view  that  the  fluoride  plasma  is  free  from  a-prothrombin, 
Fuld  claims  that  it  contains  plasmozym.    The  same  is  true  for  the  natural 
blood-plasma.    The  reason  why  the  living  blood  remains  fluid  is,  according 
to  Fuld,  chiefly  due  to  the  fact  that  the  cytozym  is  always  formed  only 
slowly  and  that  the  ferment  produced  is  quickly  converted  into  an  inactive 
form,  and  also  because  the  blood  contains  an  anti-body  for  the  thrombin. 
The  production  of  thrombin  and  ^-prothrombin  (the  latter  called  metazym 
by  him)  Fuld  explains  in  another  manner.     By  the  combined  action  of 
the  three   bodies,    plasmozym,  cytozym,   and    lime   salts,    the   holozym 
(^a-thrombin)  is  produced.     This  latter  may  be  converted  into  metazym 
vJ-prothrombin),  from  which  the  neozym  (=/?- thrombin)  is  then  formed 
ky  the  action  of  alkalies  or  acids. 

In  regard  to  the  much-contradicted  rAle  of  the  form-elements  of  the 
blood  in  coagulation  we  have  the  recent  investigations,  especially  of  Arthus 
a*xd  of  Dastre.'  According  to  Arthus  the  fibrin  ferment  is  not  a  product 
°f  the  death  of  the  cells,  but  a  secretion  product.  This  secretion  is  pre- 
vOnted  by  sodium  fluoride,  hence  fluoride  plasma  contains  neither  thrombin 
^or  prothrombin.  This  secretory  activity  of  the  cells  is  increased  on 
contact  with  solids  or  by  the  action  of  tissue  fluids.  Dastre,8  who  with 
**is  pupils  opposes  the  view  as  to  a  destruction  of  leucocytes  in  coagulation, 
Considers  also  that  the  ferment  is  not  a  product  of  the  death  of  the  cell, 
«Ut  is  a  constituent  expelled  from  the  living  cell  under  the  influence  of 
Osmotic  conditions. 

From  the  above  discussion  it  is  evident  that  there  is  at  the  present  no  gen- 
erally accepted  theory  based  upon  positive  observations,  of  the  extravas- 
<ular  coagulation  of  blood. 

1  Centralbl.  f.  Physiol.,  17,  529. 

'  Compt.  rend,  de  la  aoc.  biolog.,  55. 

•Ibid. 
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Intravascular  coagulation.  It  has  been  shown  by  Alex.  Schmidt 
his  students,  as  also  by  WbOLDBOOB,  Wkicjht,1  and  others,  that  an  intra- 
vascular coagulation  may  be  brought  about,  by  the  intravenous  injection 
into  the  circulating  blood  of  a  large  quantity  of  a  thrombin  solution,  as 
aLso  by  the  injection  of  leucoeytes  or  tissue  fibrinogen  (impure  nueleopro- 
teid).  Intravascular  coagulation  may  be  brought  about  ;ilso  under  other 
conditions,  such  as  after  the  injection  of  snake-poison  (.Makti.v5  and  others) 
or  certain  of   tin-    [u<-teid-like   colloid   substam  uthetieally  prepared 

aeeordiny  to  (Ikimakx  V  method  (Haluoitrton  and  PlGKEBJNQ  5).  If  too 
little  of  the  above-mentioned  bodies  be  injeoted,  Uwo  we  observe  only  a 
marked  retarding  tendency  in  the  coagulation  of  the  blood.  According  to 
Wooldridoi:  it  ean  pcnerally  be  maintained  that  after  a  short  stage  of 
rated  coagulability,  which  may  lead  to  a  total  or  partial  intravascular 
coagulation,  a  second  stage  of  a  diminished  or  even  arrested  coagulability 
of  the  blood  follows.     "II  I  age  is  designated   (WoOUXBIXXIB)  as  the 

•positive  and  the  other  as  the  negative  phase  of  coagulation.     These  state- 
ments have  been  confirmed  by  several  investigators. 

There  is  no  doubt,  that  the  positive,  phase  is  brought  about  by  an  abi 
dant  introduction  of  thrombin,  or  by  a  rapid  and  abundant  formation 
the  same.  According  to  Alkx.  Schmidt,  the  zymoplastie  substance* 
soluble  in  alcohol  are  active  in  these  processes,  while  according  to  the 
investigations  of  Lilienfeld  this  action  is  caused  more  likely  by  the  leuco- 
nucleins  split  off  from  the  nucleohiston.  According  to  Wuulokidcjk,  his 
tissue  fibrinogen  does  not  produce  any  intravascular  coagulation  if  it  is  i 
from  contaminating  bodies  by  means  of  alcohol.  This  corresponds  to 
statements  of  Alex.  Schmidt. 

The  explanation  of  the  production  of  the  negative  phase,  which  can 
easily  be  produced  by  proteoses,  by  various  bodies,  such  as  extracts  of 
organs,  eel-scrum,  enzymes,  bacterial  toxins,  snake-poisons,  etc.,  has 
attempted  in  different  ways.  Liliknkf.ld  seeks  the  reason  in  a  cleavage  of 
histon,  which  has  a  retarding  action,  from  the  nucleohiston.  The  retard- 
ing action  of  histon  has  been  shown,  but  not  its  cleavage  from  nucleohiston 
in  this  process.  According  to  Wright  and  I'km.uiauiv;.  the  retarding 
substances  are  proteoses,  which  are  formed  in  the  decomposition  of  the 
injected  nueleoproteids.  In  opposition  to  this  view  there  is  the  fact 
other  investigators,  as  Halliburton  and  Brodie/  have  been  unable 
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'  A  Study  of  the  Intravascular  Coagulation,  etc.,  Proceed,  of  the  Roy.  Irish  A 
(3),  2.      See.  also  Wright,  Lecture  on  Tissue  or  Cell  Fibrinogen,  The  Lancet,  1868; 
and  Wooldridge'8  Method  of  Producing  Immunity,  etc.,  Brit.  Med.  Journal,  Sept.,  1801. 

'  Journ.  of  PhysioL,  15. 
.'.,  18. 

•  H  nght,  Lc;  Lilienield,  L  c;  Pekelharing,  L  c,;  Halliburton  and  Brodie,  Joum. 
of  PhysioL,  17. 
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detect  any  proteose  in  the  blood  or  urine  under  these  conditions.  The 
retarding  action  of  the  poisonous  substance  «f  snake-blood,  which  is  not  a 
nucleoprotcid,  as  well  as  the  action  of  proteoses,  speak  against  the  as- 
sumption as  to  a  retarding  decomposition  product  of  the  injected  nucleo- 
•  ul. 

According  to  the  observations  of  Fano  ai  mr-Mi  m-ikim,1  which 

We  been  substantiate i  and  enlarged  upon  by  other  observers,  the  blood 
of  an  animal  loses  its  power  of  coagulation  after  an  injection  of  a  suffi- 
ciently large  quantity  of  proteose  and  after  a  time  regains  its  power  of 
coagulation.  A  now  injection  of  proteose  is  now  inactive,  if  too  long  a 
time  does  not  Intervene  between  the  two  injections,  and  the  animal  is  now 
immune  against  proteoses.  This  action  does  not  depend,  as  Pick  and  mii,<  > 
have  sho-  I  thi )  proteose  Itself,  but  upon  a  contaminating  substance, 

the  peptozym.      Pcptozym-frcc   proteose  having  no  action  upon  coagula- 
tion can  be  obtained  from  certain  proleids,  while  peptozym  can  be  obtained 
free  from    proteoses   and   peptones   from  several   organs.      Coagulation- 
retarding  B  0C8  may  also,  as  Coxradi3  found,  be  produced  in  the 
autolysis  of   organs;    but  they  are  different  from  the  peptozym,  which 
differs  from  the  first  by  being  inactive  on  the  blood  1V1  i-itro  and  only  liaving 
*  retarding  action  upon  coagulation  when  introduced  into  the  blood  circu- 
lation. 

ha\'e  a  large  number  of  researches  on  the  action  of  proteoses  and 
r  retarding  substances  by  cliff. -i  rstigators,  such  as  Grobjean, 

an,  DASTBB,  PlOBBSOO,  Athanasiu,  Carvallo,  (Ilky, 
■?bsU80Jr,  Nour,  Si'iKii  and  Ellinglk,  and  others, but  those  of  Dki.k/.knnk  3 
ncr«  of  the  greatest  importance.  It  BOeCOB  probable  from  these  investi- 
gations that  the  leucocytes  and  the  liver  are  of  great  importance  in 
fci^ese  processes.  The  view  which  coincides  best  with  the  facts  seems  to 
*>e  Dk  According  to  him  the  facts  can  be  simplest  explained 

by  Mi  questionable  body  producing  a  destruction  of  the  leucocytes  and 
t-k&t  here  a  substance  accelerating  coagulation  and  another  having  a  retard- 
ing action  are  set  free.  The  first  is  destroyed  by  the  liver  and  hence  the 
•ction  of  the  retarding  substances  is  obtained. 


■Fnno,  Arch.  f.  (Anat.  u.)  Physiol.,  1881;  Schmidt-Mulhciui,  ibid.,  1880. 

'  Piok  tad  Spin.,  Zrif.srlir.  f.  phy.Mnl.  Cham.,  31;  Conradi,  Hofineister's  Beitrugc,  L 
**&alao  Underbill,  Ante,  Jours,  of  Physiol.,  9. 

'Grosjean,  Travaux  du  laboratoire  da  L.  Fredericq,  4,  LUgB,  1R92;  Ledoux,  ibid., 
*•  I«*,.  il,  Hull.  1'Acad.  roy.  do  Belgique,  1902;  tfpiro  and  EUingor,  Zeiuchr.  f. 
P^ysioL  Chem.,  23.  The  works  of  the  above-mentioned  French  investigators  can  be 
**»d  b  Compt.  rand.  soc.  biol.,  46,  47,  48,  50,  and  61,  and  Arch.  d.  I  .).  7, 

M.  and  10;  aee  also  especially  Delezenne,  Arch.  d.  Physiol.  (5),  10;  Compt.  rend. 
**  bioL.  51,  and  Compt.  rend.,  130. 
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In  regard  to  the  coagulation  of  the  blood  of  invertebrates  we  refer  to 
the  recent  investigations  of  Ducckschi  and  of  Loeb.  l 

The  gaaea  of  the  blood  will  be  treated  in  Chapter  XVII  (on  respira- 
tion). 

IV.     The  Quantitative  <oin  position  of  the  Blood. 

The  quantitative  analyses  of  blood  are  of  little  value.  We  must  asccr- 
tain  on  one  Bide  the  relationship  of  the  plasma  and  blood-corpuscles  to  each 
<»tlur,  and  00  the  other  side  the  constitution  of  each  of  these  two  chief 
tuents.  The  difficulties  which  stand  in  the  way  of  such  a  task, 
especially  in  regard  to  the  living,  non-coagulated  blood,  have  not  lieen 
removed.  Since  the  constitution  of  the  blood  may  differ  not  only  in  differ- 
ent vascular  regions,  but  also  in  the  same  region  under  different  drown* 

stance-,,  which    renders   BJH  I    number  of  blood  analyses'  QeoaBSMy,   it    can 

hardly  appear  remarkable  that  our  knowledge  of  the  constitution  of  the 

i'l I  is  .'-till  relatively  limited. 

The  n  lat  hre  volume  of  blood-corpuscles  and  serum  in  defibrinated  blood 
may  be  determined,  according  to  L.  and  M.  Blbibtrsu,9  b  •••us 

methods  if  the  defibrinsted  Mood  is  mixed  with  different  propori 
isotomic  Na('l  M'i>  ii"n  (1  vol.  of  the  blood  to  a1  least  I  vol,  sail  boIi  lion), 
ill    blood-oorpusoles  allowed  to  settle  to  the  bottom  or  facil  i- 

trifugal  force,  and  the  clear  supernatant  mixture  of  serum  and  common- 
salt  Bi  phoned  off.     The  methods  are  as  follows: 

1.  Determine  the  quantity  of  nitrogen  in  at  least  two  different 
the  mixture  of  and  sail   .solution  by  means  of   Kjbi.i»\hi, \s  method  and 
Calculate   the  quantity   of   protcid  corresponding  thereto  by   multiplying 

•  of  blood  x.  and  also  the  volume  of  the  structural 
elements  (l—x),  are  found  by  the  following  equation: 

In  this  equation  (for  mixtures  1  and  2)  6t  or  6,  represents  the  volume  of  blood 
in  the  mixture,  s,  or  a.  the  volume  of  salt  solution,  and  e,  or  e,  the  quantity  of 
proteid  in  a  certain  volume  of  each  mixture. 

2.  Determine  die  |  >•  I  iftfl  gravity  of  the  blood-serum,  of  the  salt  solutions,  and  of 
at  least  one  of  the  mixtures  of  s-rum  and  salt  solution  by  menus  of  a  pyknonieter. 
The  relative  volume  of  scruin  x  is  found  in  this  following  equation: 

±  S~K 
*     *  'St-lC 

In  this  equation  s  and  6  represent  the  volumes  of  salt  solution  and  blood  mixed. 
8    r.  :  i  in-  specific  gravity  of   the   serum   and  salt  solution  obtained  on 

allowing  the  blood-corpuscles  to  settle,  S,  the  specific  gravity  of  the  serum,  nnd 
A'  that  of  the  Belt  BOtUtioO. 

For  horse's  blood  two  other  shorter  methods  may  be  made  use  of  (see  the 
original  article). 

1  Dueceschi,  Hofim-iatcr'u  Beitragc,  Sj  Loeb,  Biological  Bulletin,  4,  1903. 
1  Pfliiger's  Arch  ,  51,  55,  and  60. 
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rtant  objections  have  been  prqpttltfld  by  several  investigators,  such 
as  Eykman,  BOBHACKI,  and  IIkdin,'  against  the  above  methods,  whose 
value,  thet  ole.     The  same  is  also  true  for  another  method, 

suggested  by  B  SQL  and  partly  eorrected  by  Stewart 

in  to  the  cal  .  which  is  based  upon  a  cliff ( i  mc 

c  rr  the  Mood  and  the  plasma.     Stewart  2  has  also  woi 

out  a  cotonmetric  method  for  the  estimation  of  the  volume  of  die  bio 

I  corpuscles  and  the  plasma,  which  Bei  D  wortfc  Mpl] 

purposes  the  relative  volume  of  conraseles  in  the  blood  may 
bedstermined  by  tl  f  a  small  ceatri  U.  ooostrai 

by  P.ii\  i irttx  I  and   tested  by  Hi. din.    A  measured  quantity  of 

1  Ls  mixed  with  a  known  volume  (beat  an  equal  volume)  of  a  fluid 
which  p:  on.     This  mixture  is  introduced  into  a  tube  arid 

then  eentrifuged     Ac  to  Hedix  it  is  best  to  treat  the  blood,  which 

iB  kept  fluid  by  1  p.  m.  oxalate,  with  an  equal  volume  of  a  9  p.  m. 

implete  centrifugalization  the  layer  of  blood-corpuscles  is 
read  off  on  Lha graduated  tabs  and  tin-  volume  of  Mood-corpuscle?  for  move 
corrertly  the  layer  of  blood-corpuscles)  calculated  in  100  vols,  of  tin- 
counts  Hedin  and  DaLaND  have 
tnately  co  relation  exists  between  the  volume 

of  the  es  and  the  number  of  red  corpuscles  under 

that  the  number  of  corpuscles  may  becaJcul 

.t)3   has   shown    that   such   a   calculation   gives 

vimate  results   also  in  disease  when  the  size  of  the  bio.  dee 

cfoes  not  essentially  deviate  from  the  normal.     In  certain  diseases,  such  as 

pernicious  anaemia,  this  method  gives  such  inaccurate  results  that  it  cannot 

In  determining  the  relationship  between  the  weight  of  blood-corpuscles 
lad  the  weight  of  blood-fluid,  we  generally  proceed  in  the  following  manner: 

If  any  substance  is  found  in  the  blood  which  1  i  \clusiveiv  to  the 

plasma  an  r  in  the  blood-oi  aouni  of 

pUsirui  contained  in  the  blood  mi  ed  if  m  dstermine  the  amount 

of  this  substance  in  1 « >*  >  parts  of  the  plasma  or  serum,  respectively,  on  one 
ale  and  in  100  parts  of  the  blood  on  the  other,     l  ireseni  the  amount 

of  uV  c  in  the  plasma  by  />  ami  in  the  blood  by  6,  then  the  amount 

°f  J  in  the  plasma  from  UK)  parts  of  blood  is  x= — . 

■h  a  substance,  which  occurs  only  in  (he  plasma,  is  fibrin  according 

•  to  Bungs  (in  certain  kinds  of  bl< 

^1  sugar  according  to  OTTO.'      The  experimenters  ]U8l   named  have 

at  of  the  plasma  and  blood-corpuscles,  respectively, 

•Miflercnt  kinds  of  blood,  starting  from  the  above-mentioned  sulxstaneeB. 

1  suggested  by  II  nnine  the  total 


'Rionwki,  Zeitachr.  f   phyaiol  Chem.,  19;   Eykman,  Pfluger'a  Arch.,  60;   Hedin, 
*<  and  Skand.  Arch  I  Physiol,  •">. 

'Bugaraky  and  Tangl.  Centralbl.  f.  Physiol..  11 ;  Stewart,  Journ.  of  Physiol.  24. 

and.  Arch,  f    Physiol.,  2.  134  and  301,  and  5;    Pfliiger's  Arch.,  60; 
fi»l»nd.  Fortorhrittc  d.  Med..  ft 

Hondo  -I   phyaiol.  a.  path.  chem.  Analyse,  6.  Aufl.;  Bunge,  Zeit- 
*k.  f.  Biologic.  I  Pfluger'a  Arch.,  35. 
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amount  of  haemoglobin  and  proteids  in  a  portion  of  blood,  and  on  the  other 
hand  the  amount  of  hemoglobin  and  proteids  in  the  blood-corpuscles  (1 
an  equal  portion  of  the  same  blood)  which  have  been  sufficiently  washed 
with  common-sail  solution  by  centrifugal  force.     The  figures  obtained  as  a 
difference;  between  these  two  determinations  corresponds  to  tl 

Brute  id.*  which  was  OOHttiined  ill  the  serum  of  the  first  portion  of  blood. 
'  we  now  determine  the  proteids  in  a  special  portion  of  serum  of  the  same 
blood,  then  the  amount  of  serum  in  the  blood  is  easily  determined.     The 
usefulness  of  this  method  has  been  confirmed  by  Bunge  by  the  om 
experiments  with  the  sodium  determinations.     If  the  amount  of  serum 
hloodrCOrpUJOlea  is  the  blood  is  known,  and  we  then  determin  mount 

of  the  different  blood-constituents  in  the  blood-serum  on  one  side  and  of 
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the  total  blood  on  the  other,  the  distribution  of  these  different  blood-con- 
QDtB    in  the  two  chief  components  of  the  blood,  plasma  and  blood- 
corpuscles,  may  be  ascertained.     On  page  900  are  given   analyses  of  the 
blood  of  various  animals  by  Aijderhaldkx  '  according  to  HoPPf  SteTLBR'B 
and  Buxge's  methods.    The  analyses  of  human  blood  by  C.  Sgbmzdt  '  arc 
and  were  made  according  to  another  method,  hence  perhaps  the 
ta  for  the  weight  <>f  COTpUBCkfl  are  •  little  tOO  high.    All  the  results  are 
in  parts  per  1000  parts  of  blood. 

The  relation  between  blood-corpuscles  and  plasma  may  van-  considerably 
ondcr  different  circumstances  even  in  the  same  species  of  animal.  In 
animals  in  most  cases  considerably  more  plasma  Is  found,  sometimes  two- 
lit  i if  the  blood.1  For  human  blood  Akkonkt  has  found 
•1'S.S  p.  m.  blood-corpuscles  and  521.2  p.  m.  serum  (in  dchbrinated  blood) 
m  an  avenge  of  nine  determinations.  BgbMBOBI  *  found  349.G  and  U50.4 
p.  m.  respectively  in  women. 

The  sugar  occurs,  it  seems,  only  in  the  serum  and  not  with  the  blood- 
orpuscles.    The  same  is  true,  according  to  Abderhalden,  for  the  lime, 
kt,  and  perhaps  also  the  fatty  acids.     The  small  traces  of  hflnftflirtfl  R 
"i  normal  blood  is,  according  to  Croftan,*  contained  in  the  leucocytes. 
The  division  of  the  alkaUcs  between  the  blood-corpuscles  and  the  plasma 
B  different,  a*  the  blood-corpuscles  from  the  pig,  horse,  and  rabbit  contain 
&<>  soda,  those  from  human  blood  are  richer  in  potassium,  and  the  corpuscles 
from  ox-,  sheep-,  goat-,  dog-,  and  cat-blood  are  considerably  richer  in 
..•n  than  potassium.     Chlorine  exists    in  all  blood  to  a  greater  extent 
rum  than  in  the  blood-corpuscles.     Iodine  is  only  found  D 
*^nim,  while  iron  occurs  chiefly  in  the  form-elements,  especially  in  the 
erytlir>K-ytes.     As  the  nucleoproteids  contain  iron,  some  iron  always  0CCU28 
u*  the  erythrocytes  and  traces  of  iron  are  also  found  in  the  scrum.     Thi- 
aoaoant  under  normal  conditions  is  very  small,  while  in  disease  the  relation 
i        bin-iron  and  other  blood-iron  docs  not  seem  to  change 
much.     There  is  also  found  in  the  blood  manganese  and  traces  of  lith- 
iUm,  copper,  1'  i ,  and  in  menstrual  blood  arsenic  lias  also  been  noted. 

The  blood  as  a  whole  contains  in  ordinary  cases  770-820  p.  m.  water,  with 
*U0-2:>o  p,  m.  solids;  of  these  173-220  p.  m.  are  organic  and  6-10  p.  m. 
i&jQrganio.  The  organic  consists,  deducting  6-12  p.  m.  extractive  bodies, 
Of  protehLs  and  haemoglobin.  The  amount  of  this  last-mentioned  body  in 
human  blood  is  about  130-150  p.  m.    In  the  dog,  cat,  pig,  and  horse  the 

'Zaurhr    f.  pin- id    Ch«D  .  23  and  25. 

■  1  am]  in  part  recalculated  from  v.  Gorup-Iksanez,  Lehrb.  d.  physiol.  Chom., 
4   Aid  .  34.V 

'stc  Sacharjin  in  Boppe-Sepler's  Physiol.  Chem.,  447;  Otto,  Pfluger's  Arch.,  35; 
^luigfi,  L  ft.;   L  and  M.  niaibtreu,  Pflflger'fl  Arch  ,  51. 

*  Arronet,  Maly's  Jahnwber  ,  17.   Schneidar,  I  "•  -ntralbL  f.  Physiol.,  5,  362. 
•Pfluger's  Arch.,  5K) 
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quantity  of  hemoglobin  is  about  the  same,  and  lower  in  the  blood  from  the 
ox,  bull,  sheep,  goat,  and  rabbit  (Abderhalden). 

'Hie  amount  of  sugar  in  the  blood  is  on  an  average  1-1.5  p.  m.  It 
seems  to  be  independent  of  the  composition  of  the  food,  but  feeding 
with  large  amounts  of  sugar  or  dextrin  eauses  a  considerable  increase  in 
the  sugar  blood,  as  observed  by  Uleile.    When  the  quanti; 

sugar  amounts  to  more  than  3  p.  m.,  then,  according  to  Cl.  Bernard,1 
sugar  apjM-arv  in  the  urine,  and  :i  ^'lvosuria  appears.     An  inrrea.se  in  the 
quantity  of    sugar  takes  place,  as  first  observed  by  Bernard  and  I 
substantiated  by  Fit.  .Schf.ntk,  after  removal  of  blood.    According  to 

Hkmuq'.  n  :  this  increase  of  the  reducing  DOW,  at   least  in  do. 

due  to  sugar  but  chiefly  to  jecorin.  which  .substance  is  the  cause  of  more  of 

the  reduction  in  normal  blond  than  the  sugar.     It  is  difficult  b 

value  of  many  statements  as  to  the  amount  of  sugar  and  reducing  pov.- 

the  blood,  because  the  experimentors  generally  have  not  c  1   the 

presence  of  a  certain  quantity  of  jecorin  or  conjugated  glucuronic  acids  or 

they  were  unable  to  do  80. 

The  quantity  of  urea,  which,  according  to  Schomxmhkk.  is  equally  divided 
•<  i:  the  I  'uscles  and  the  plasma,  is  greater  on  taking  food  than 

in  starvation  (Grehant  and  QuiKQOAl  D,  Efc  BONDOBFP)  and  varies  bet 
0.2  and  1.5  p.  m.  In  dogs  BcbOndobfF  found  in  starvation  a  mini] 
of  0.348  p.  m.  and  a  maximum  of  1.529  p.  m.  at  the  point  of  hi 
urea  formation.    I  i  obtained  mnen  lower  result*  by  another 

method,  namely,  in  starvation  0.1  to  0.2,  and  after  meat  feeding  0.28-0.56, 
In  man  v.  JaKBCB  j  found  0.5-0.6  p.  in.  urea  in  normal  blood.    The 
quantity  of  urea  is  somewhat  increased  in  fever  and  in  general  in  augmented 
proteid  metabolism  and  the  increased  urea  formation  depending  1  hereon. 
A  more  important  increase  in  the  quantity  of  urea  in  the  blood  occurs  in  a 
led  elimination  of  urea,  as  in  ■•hnlcra,  also  in  cholera  infantum  anl 
in  infections  of  the  kidneys  and  the  urinary  passages.     After  ligaturing 
en  or  after  extirpation  of  the  kidneys  of  animals  an  accumulation 
of  urea  takes  place  in  the  blood. 

The  blood  also  contains  traces  of  ammonia.    According  to  IIorodyn 

.  and  Zaleski,*  who  worked  with  the  improved  Xekcki   and 

the  quantity  in  arterial  dog-blood  was  0.41  milligram  in 

xrams  of  blood.      The  blood  of  the  portal  vein  contains  considerably 


•  Bleile,  I>u  Ikiw-Reymond's  Arch.,  1879;  Bernard,  Leeons aur  le  diab^te.  Paris,  I 

1  Schenck,  P Auger's  Arch.,  .17  ;  Ilenriquea,  Zeitachr.  f.  phyaiol.  Cbem.,  £S.  See  also 
Kolisch  and  Stcjakal,  Wicn.  ldin.  Wochcnachr.,  1898. 

1  Grehant  et  Quinquaud,  Journ.  dc  1 'anatomic  ct  de  la  phyaiol.,  20,  and  Compt 
raid.,  96;  Schandorff,  Pfluger's  Arch.,  o4  and  03;  Gottlieb,  Arch.  L  expt.  Path.  u. 
Phnrn.  ,  12;  r.  Jaksch.,  Lcyden-Festachr. ,  I,  1901. 

*  Zcitachr.  f.  physic-L  Chem.,  tt,  which  also  gives  the  older  literature. 
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more  than  the  blood  of  the  arteries,  namely  3-4.5  times  richer;  this   is 
disputed  by  Biedl  and  Wixterberg,1  however. 

The  blood  from  healthy  persons  contains  on  an  average  0.90  milligram 
per  100  c.  c.a  according  to  Winterberg."  The  quantity  of  uric  acid  may 
be  0.1  p.  m.  in  bird's  blood  (v.  Schroder  *).  Uric  acid  has  not  been 
detected  with  positiveness  in  human  blood  under  normal  conditions,  while 
it  has  been  found  in  the  blood  in  gout,  croupous  pneumonia,  and  certain 
other  diseased  conditions.  Lactic  acid  was  first  found  in  human  blood  by 
Salomon  and  then  by  Gaglio,  Berlixerblatj,  and  Irisawa.  The  quan- 
tity of  lactic  acid  may  vary  considerably.  Berlinerblau  found  0.71  p.  m. 
as  maximum.  Saito  and  Katsuyama  8  found  on  an  average  0.269  p.  m. 
in  hen's  blood,  and  after  carbon-monoxide  poisoning  the  quantity  increased 
to  1.227  p.  m. 

The  Composition  of  the  Blood  in  Different  Vascular  Regions  and  under 

Different  Conditions. 

Arterial   and    Venous   Blood.    The    most   striking   difference   between 

these  two  kinds  of  blood  is  the  variation  in  color  caused  by  their  containing 

different  amounts  of  gas  and  different  amounts  of  oxyhemoglobin  and 

haemoglobin.    The  arterial  blood  is  light  red;  the  venous  blood  is  dark  red, 

dichroitic,  greenish  by  transmitted  light  through  thin  layers.   The  arterial 

coagulates  more  quickly  than  the  venous  blood.    The  latter,  on  account  of 

the  transudation  which  takes  place  in  the  capillaries,  is  somewhat  poorer  in 

water   but  richer  in  blood-corpuscles  and  hemoglobin  than  the  arterial 

blood;  but  this  is  denied  by  modern  investigators.    According  to  Kruger8 

and  his  pupils  the  quantity  of  dry  residue  and  hemoglobin  in  blood  from 

the  carotid  artery  and  from  the  jugular  vein  (in  cats)  is  the  same.     R6h- 

maxx  and  Muhsam  7  could  not  detect  any  difference  in  the  quantity  of 

^t  in  arterial  and  venous  blood. 

Blood  from  the  Portal  Vein  and  the  Hcpati-  Vein.  In  consequence  of 
the  small  quantities  of  bile  and  lymph  found  relatively  to  the  hirj.t»  quantity 
of  blood  circulating  through  the  liver  in  a  given  time  we  can  hardly  expect 
to  detect   by  chemical  analysis  a   positive  difference  in  the  composition 


'Pfluger's  Arch.,  SS. 

'Ascoli,  Ibid.,  87,  has  suggested  a  method  for  the  quantitative  estimation  of  the 
^tractive  nitrogen  in  blood. 

*  Wien.  klin.  Wochcnschr.,  1897,  and  Zeitschr.  f.  klin.  Med.,  35. 

'Ludwig's  Festschrift,  18X7. 

'Irisawa,  Zeitschr.  f.  physiol.  Chem.,  17,  which  also  gives  the  older  literature;  Saito 
and  Katsuyama,  ibid.,  32. 

•Zeitschr.  f.  Biologic,  26.  This  also  gives  the  literature  on  the  composition  of  the 
blood  in  different  vascular  regions. 

'Pfluger's  Archiv,  40. 
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between  the  blood  "f  the  portal  sod  hepatic  veins.    The  uts 

i  to  Buob  b  difference  are  in  tad    •  tory.     Fq  mros- 

roimd  mo  Elobin  in  the  hepatic  than  in  the  portal  vein, while 

Otto  found  ion.     E&ttoBB  finds  thai   the  quantity  of  ha  i 
well  as  the  Bolidg]  in  the  blood  from  the  vessels  passing  to  and  from  the 
liver  is  di  but  a  constant  Delations]]  |  oed.    The 

dispv,  don  us  to  1 1 *•  •  varying  quantities  of  sugar  in  the  p 

-.nil   be  di  d  in  b  following  •  (see  Ciiapter  Y11I. 

on  tlie  formation  of  BUgar  in  the  liver).     After  a  meal  rich  in  ear! 
drates  the  blood  of  the  portal  vein  not  only  be  ichor  in  dextrose, 

hut  may  contain  also  dextrin  and  other  carbohydrate 

amount  i  b  the  bli  the  bepatio  vein  is  greater  than 

in  other  blood  (GbAba&T  and  Qt  imjiiaud  *).     In  regard  to  the  quantity 
Of  ammonia.  BOS  page  908. 

Blood  of  th.  |     '•■    is   decidedly   richer    in  fl   than 

blood  from  the  splenic  artery.      The  red  blood-corpuscles  of  the  blood  from 
o  smaller  than  the  ordinary,  less  I  w  a 

"water.     The  blood  f  also  clai 

to  be  richer  in  water,  fibrin,  and  proteid  than  tl  ry  venous  bk 

■      M:i> Dl  n;>->rff,  it  is  richer  in  haemoglobin  than  arterial 

blood.     B  and  his  pupOa  hare  found  that  the  blood  from  the  vena 

rally  richer  in   haemoglobin  arid  solids  than  arterial  blood; 

still  the  00  ken  found.     I'he  blood  from  the  splenic  vein  coagu- 

Tht   Blood  from  Glands.    The    blood  circulates  with 

ha  gland  during  activity  (secretion)  than  when  at 
d  has  therefore  daring  activity  a  lighter 
Because  of   the 
Yeno  oorer  in  water  and  richer  in  solids. 

blood  from  the   Vv  -hows  an  opposite  behavior,  I 

:     peri 
inm  i  rption  of  greater  produc 

than  when  at  n 

il;  to  an  ment,  u 

coagulating.     This  iiclcss  false,  and  the  apparent 

coagula  on  the  womb  and  the  vagina   retaining  tl 

use  eliminated,  and  in  pa: 

coagulation.    Mi 


f.  phyMaL  Chera..  1;  Otto,  M*ly'»  Jahiwber..  17;    v.  M«i 
.ood's  Arch,  1877,  2U. 

skkotJorff.  I'cntnlbL  I  Phywol,  t  723;  Krugcr,  L  c. 
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strual  blood,  according  to  (.u  iri.u  and  Boi  k<  i  ina  arsenic  and  is 

also  richer  in  iodine  than  other  blood  (see  blood-serum,  page  187) 

The  Blood  of  the  Two  Sexes.  Woman 's  blood  coagulates  somewhat  more 
quickly,  has  a  lower  Specific  gravity,  a  greater  amount  of  water,  ami  :i 
smaller  quantity  of  solid,-;  I  blood  of  man.    The  amount  of  blood- 

Be  and  hemoglobin  .-what  smaller  in  woman  's  blood.    The 

amount  of  haemoglobin  is  146  p.  m.  for  man 's  blood  and  133  p.  m.  for 
soman's. 

During  pregnancy  Xasse  has  observed  a  decrease  in  the  specific  gravity, 

irith  an  increase  in  the  amount  of  water  until  the  end  of  the  eighth  month. 

From  then  the  specific  gravity  increases,  and  at  delivery  it  is  rmnunl  again. 

The  amount  of    fibrin  is  somewhat  increased  (BSOQUJEHEL  and   EtODIBft, 

b),    The  number  of  blood-corpuscles  seems  to  decrease.    In  regard  to 

the  amount  of   hemoglobin  the  statements  arc  somewhat  contradictory. 

Cohxstein  found  the  number  of  red  corpuscles  diminished   in  the  blood 

of  pregnant  sheep  as  compared  to  non-pregnant,  but  the  red  corpuscles 

*'ere  larger  and  the  quantity  of  hemoglobin  in  the  blood  was  greater  in  the 

first  case.    Mollenderg  l  found  in  most  cases  an  increase  in  the  amount 

°f  hemoglobin  in  pregnancy  in  the  last  months. 

The  Blood  at  Different  Periods  of  Life.  Fcetal  and  infant  blond  \<  richer 
k*  erythrocytes  and  hemoglobin  than  the  blood  of  the  mother.  The 
highest    percentage  of   hemoglobin  in  the  blood   has    1  scved   by 

ral  investigators  such  as  Cohnstein*  and  Zuntz,  Otto,  Wintermtz, 
A-noERJiALii  \.  &  .  and  others    immediately  or  very  soon   after 

birth  or  at  least  within  the  first  days.     In  man  two  or  three   days  after 
birth  the  hemoglobin  reaches  a  maximum  (200-210  p.  m.),  which  is  greater 
fchan  at  any  other  period  of  life.    This  is  the  cause  of  the  great  abundance 
lids  in  the  blood  of  new-born  infants  as  observe* i    by  several  inves- 
tigators.    The  quantity  of  hemoglobin  and  blood-corpuscles  sinks  gradu- 
ally  from  this  first  maximum  to  a  minimum  of  about  110  p.  m.  hemoglobin, 
^'hich  minimum  appears  in  human  beings  between  the  fourth   and  eighth 
^ftars.    The  quantity  of  hemoglobin  then  increases  again  until  about    the 
*-^eii  r,  when  a  second  maximum  of  137-150  p.  m.  is  reached.    The 

***femoglobin  remains  at  this  point  only  towards  the  forty-fifth  year,  and 
tKcn  gradually  and  slowly  decreases  (Lek  htenster.v,  On©*).  According 
*o  older  statements,  the  blood  at  old  age  is  poorer  in  blood-corpus.  Ks  and 
I'r.iti.id  bodies  but  richer  in  water  and  salts. 

'Xawe,  Maly's  Jahresber.,  7;    llecqiierel  and  Itodier,  Traits  de  chim.  pathol. 
**aris,  18S4;    Cohnstein,  Pfluger'a  Arch.,  34.  233;    Mollonberg,  Malv's  Jahresber,  31, 

'Cohnstein  and  Zuntz,  Pflupur's  Arch.,  34;  \Vintcrnitz,  Zcitachr.  f.  physiol.  Chem  , 
*2;  Leichlenatcrn.  L'utensuch  uber  den  Bamoglobingehalt  des  Mutes,  etc.  Leipzig, 
^878;— Otto,  Maly's  Jafaesb>-r  l.'»  .ind  17;  Abd«-rhalde»,  Zeitachr.  f.  physiuL  QmVLi 
*l;  Schwinge,  Pfluger's  Arch  ,  73  (literature). 
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The  Influence  of  Food  on  the  Blood.  In  complete  starvation  no  decrease 
in  the  amount  of  solid  blood  eonsttluentB  is  found  to  take  place  (Patron 
and  others).  The  amount  of  hcemoelobin  is  increased  a  little,  at  lea-t  in 
the  early  period  (Subbotik,  Otto,  Hkkmanx  and  Groll,  Luciani  and 
Bufalini),  and  also  the  number  of  red  blood-corpuscles  increases  (Worm 
Mi  i.i  i  i;,  BUHTUN  '),  which  probably  depends  on  the  fact  that  the  blood- 
corpuscles  are  not  so  quickly  transformed  as  the  serum  and  partly  because 
of  a  greater  concentration  due  to  loss  of  water.  In  rabbits  and  to  H 
extent  in  dogft,  PoFBL  found  that  complete  abstinence  had  a  tendency 
to  increase  the  specific  gravity  of  the  blood.  The  amount  of  fat  in  the 
blood  may  be  nzDewbat  increased  in  starvation  because  the  fat  is  taken 
up  from  the  fat  deposits  and  carried  to  the  various  organs  by  the  blood 

(N.  ScBULZ,  DADDI  '). 

bar  ■  -li  h  meal  the  relative  number  of  blood-corpuscles,  after  secret  inn 

!  digestive  juices  or  absorption  of  nutritive   liquids,  may  be  increase 

diminished    (BUNTZKN,    LkICUTJBNBTRRN).      The    DUmbe?   of   white   blood- 

iscles    may  be    consi.ler.ihly  increased    after  a  diet   rich  in  proteids. 

After  a  diet  rich  in  fat  the  plasma  becomes,  even  after  a  short  time,  more 

or  less  milky-wlu  sn  emulsion.    The  composition  of  the 

esseti  the  amount  of  ha-ino^loinn   in   the  blood.     The  blood  of 

herbivore  is  generally  poorer  in  haemoglobin  than  that  from  carnivora. 

and  -  S  has  observed  in  dogs  after  a  partial  feeding  with  food  rich 

in  earl>ohydrates  that  the  amount  of  haemoglobin  sank  from  the  physiological 

average  of  137.5  p.m.  to  103.2-03.7  p.m.    Tsuboi  "  has  also  shown  in 

experiments  on  rabbits  and  dogs  thai  with  en  insu.'Iirient  diet  of   bread 

and  potatoes,  where  the  body  gave  up  proteid  and    contained  relatively 

>  arbohydrate,    the  amount    of    haemoglobin    decreased   and 

•  I    became   richer   in  water.     According  to  Lbgbtshbtibm   a 

ise  in  the  amount  of  '  bin  b  found  to  take  place  in 

blood  of  human  beings  on  enriching  the  food,  end  according  to  the 

.tor  the  blood  of  lean  persons  I  i!y  somewhat  richer  in 

in  than  blood  from  f 

salts  t«>  tl  -eatly  influences  the  number  of  bloods  -  and 

espeeialh  -.lob  in  they  contain.     The  action  of  the  iron 

salts  «1.*     There  does  not  seem  to  be  any  doubt   that  not  only  ig 

'  1  Wmi.  Vircbow'a  Arch  ,  29;  Suhbotin,  Zeitschr.  f.  Biologie,  7;  Otlo,  L  c;   Worm 
Muller.  Transfusion  und  Flethora.     Christians,  1875; — Buntaen.see  ttaly's  Jahreaber.. 
rmann  and  Groll,  Pfluger'a  Arch. ,  43 ;  Luciani  and  ifuf&lini,  M&ly '»  Jahrwber  .  1 1 
r>el.  Arch.  d«  acicno.  bioL  da  St.  Petcrabourg.  4,  354;  Schuli,  Pfluger'a  Arch, 
tt;  Daddi,  MaJy  «  Jahreabcr. ,  30. 

ibotin,  1.  c. ;  T*uboi.  Zcitschr.  f.  Biologie,  44. 

'ntschr  f.  physio).  Cbem.,  9;  Hiuscrmnnn.  ibid.,  it,  when  the  work* 
of  Watering.  Gaule,  Hall.  Hochhaus.  and  Quincke  ar>  l"be  some  work  con- 

tains a  tnUc  nf  the  quanl  'U8  foods;    KunWd.  Pflugcr's  Arch..  81; 

iroal  of  Physiol  .  IB.   AlKlcrhalden,  /x-it-^hr   I  30 
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the  iron   contained  in  the  food  in  the  form  of  organic  compounds  active, 

but  also  iron  salts  and  therapeutic  iron.    According  to  Bunqe   and   his 

pupils  the    iron  preparations  only  act  indirectly.     They  may  combine  with 

ulphurctted  hydrogen  of  the  intestinal  canal  and  thereby  prevent  the 

iron  associated  in  the  food  as  assimilable,  protein  compounds  El 

eliminated  as  iron  sulphide  (BONas)fOf  they  may  perhaps  act  a*  irritants 

•i  the  blood  forming  organs  (Aiu>kk"hau>rx). 

An  increase  in  the  number  of  red  corpuscles,  a  true  "SOTBOBA  EOLT- 
crmBMiA,"  takes  place  after  transfusion  of  blood  of  the  same  species  of 
animal.  According  to  the  observations  of  Pam-m  and  YVokm  Mi  i.lkk,1 
"lood-liquid  is  quickly  eliminated  and  transformed  in  this  case, — the 
water  being  eliminated  principally  by  the  kidneys  and  the  proteid  burned 
urea,  etc., — while  the  blood-corpuscles  are  preserved  longer  and  cause 
i "polycythemia."  A  relative  increase  in  the  number  of  red  corpuscles 
» found  after  abundant  transudation  from   the  is  in  cholera  and 

heart-failure   with    OOnsideTflbla    congestion.        An  Dofean  in  the  number 
01  red  blood-corpuscles   has   else   ben   oUhilwm]   under  the   influence  of 

■'[  pressure  or  in  high  altitudes.     Viault  first  called  ftttentio 

tie  fact  that  the  number  of  red  corpuscles  was  very  great  in  the  blood  of 

°w*n  and  animals  living  in  higfa  regions     According  to  him  the  llama  has 

•bout  16  million  blood-corpuscles  per  cubic    millimeter.     By  lions 

°&  himself  and  others,  as  well  as  on  animals.  VlAUI/T  found  the  first,  effort 

°*  Sojourning  in  high  localities  was  a   very  considerable  increase   in    the 

ni*cnbcr  of  red  corpuscles,  in  his  own  case  5-S  millions.     A  similar  increase 

1    the  red  blood-corpuscles,  as  also  an  increase  in  the  quantity   of  haino- 

Wobin  under  the  influence  of  diminished  pressure,  has  been  observed  by 

rnariy  other  investigators  in  human  beings  as  well  as  in  animals.  Investi- 
gators are  not  united  bs  to  low  :.lns  increase  is  brought  about.  The  increaso 
,,J  the  blood-corpuscles  is  not  absolute  but  is  only  relative,  and  it  is  <  >u- 
"■Jorad  by  several  observers  that  then-  is  neither  a  new  formation  (Viault 
others)  nor  a  diminished  de  n  oi  the  blood-SOl  powles  (I'kk).     A 

r<4ative  increase  may  be  brought  about  in  different  ways.     For  exec 

r  division  of  the  blood-corpuscles  in  the  vascular  system  has  been 
Con«idered,  where,  in  the  capillaries,  from  which  region  the  blood  has  been 
e*an  re  often,  the  blood-corpuscles  accumulate  (Zu.vrz).    It  is  also 

Cr*  n.sidered  that  a  concentration  of  the  blood  takes  place  by  incrca- 

:.  (Gbawttz),  and  finally  an  increase  in  the  blood-oorpu  also 

"«en  explained  by  a  contraction  of  the  vascular  system  with  the  pressin 
"f   plasma  (BtTMOl,  AbDERBALBZN  '). 

A  decrease  i  <nber  of  red  corpuscles  occurs  in  annmiia  from  differ- 

i  mum,  Virchow's  Arch.,  89;   Warm  Midler,  1.  c. 
1  The  literature  on  this  subject  may  be  found  in  Abderhalden,  Zeitachr.  f.  Biologic, 
**;  ran  Vooraveld,  Pfluger's  Arch.,  92. 
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est  causes.     Every  excessive  hemorrhage  causes  an  acute  anaemia,  or,  mora 
OOTTOCtiy,  oligemia.     Even  during  the  hemorrhage  the  remaining   blood 
becomes  by   diminished  BCCietion  and  excretion,  as  also  by  an  abundant 
ption  of  parenchymous  fluid,  richer  in  water,  somewhat  poorer  in  pro- 
teids,  and  strikingly  poorer  in  red  UoodVooipusokB.     The  "ligrrmia  passes 
i  a  hydraemia.     The  amount  of  prateld  then  gradually  increases 
again;  but  the  reformation  of  the  red  blood-ooipuselee  is  slower,  and  after 
the  hyilr.i-inin    follows   also   art   ofigot \1li.einia.     After  a  little  time   the 
number  of  blood -corpuscles  rises  to  normal;  but  the  reformation  of  haemo- 
u  does  not  keep  pace  with  the  r< £  a  of    the  lee,  and  a 

•chlomtic  eonditkm  may  appear.  A  considerable  decrease  in  the  number 
of  red  DOiposdei  OOCnxs  also  in  chronic  anaemia  and  chlorosis;  still  in  such 
•  •ssential  decrease  in  the  amount  of  haemoglobin  OOOttBI  without  an 
essential  decrease  in  the  number  of  blood-corpuscles.  The  decrease  in  the 
amount  of  haemoglobin  h  more  characteristic  of  chlorosis  than  a  decrease 
in  the  number  of  red  corpuscles.  The  statements  on  the  changes  in  the 
blood  in  an.-etnia  and  chlorosis  differ  very  considerably,  and  in  thus  con- 
nection attention  must  be  called  to  the  findings  of  Lorrain  Smith  (based  on 
his  estimation  of  the  oxygen  capacity  and  the  blood  volume)  that  for  chlorosis 
an  absolute  diminution  of  the  amount  of  haemoglobin  is  not  c-  .vhile 

the  total  quantity  of  btBI  may  be  normal,  but  only  a  relative 

diminution  occurs,  due  to  a  pronounced  increase  of  the  blood-plasma  and 
of  the  total  quantity  of  blood.1 

A  very  considerable  decrease  in  the  number  of  red  corpuscles  (300,000- 

100,000  in  1  c.  mm.)  and  diminution  in  the  amount  of  haemoglobin  (fc-j^) 

B    in    pernicious    anaemia    (Hayem,    Laachk,    and    others).     I  »n    the 

my,  the  individual  red  corpuscles  are  larger  and  richer  in  haemoglobin 

than  they  ordinarily  are,  and  the  number  stands  in  an  inverse  relationship 

be  amount  of  haemoglobin  (Haykm).     Besides  this  the  red  corpuscles 

often,  but  not  always,  show  in  pernicious  anaemia  remarkable 

dinary  irregularities  of  form  and  size,  which  Quincke  j  has  termed  poikilo- 

q/feefr. 

The  number  of  leucocytes  may,  as  stated  above,  be  increased  under 
physiological  conditions  as  well  as  after  a  meal  rich  in  proteid.  X'nder 
pathological  conditions  a  high  leucocytosis  may  occur,  and  this  is  especially 
found  in  leucaemia,  which  is  characterized  by  a  very  great  abundance  of 
1  in  the  blood.     The  number  of  leucocytes   Ls  markedly  increased 

iti  this  disease,  and  indeed,  not  only  absolutely,  but  also  in  relation  «■ 


1  Trans.  Path.  Soc.  London,  51,  lflflO.  Complete  analyses  of  chlorotic  blood  may 
he  found  in  Krbcn,  Zcitschr.  f.  klin.  Med.,  47. 

'  Laachc,  "Die  Anumie"  (Christiania,  1883),  which  also  contains  the  Bfemtasf) 
Quincke,  Deutsch.  Arch.  f.  klin.  Med.,  20  and  25.  A  complete  chemical  analysis  of 
the  blood  lias  been  made  by  Erben,  Zcitschr.  f.  klin.  Med.,  40. 
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number  of  red  blood-corpuscles,  which  are  increased  to  a  considerable  extent 
in  leucaemia.  Leucaemic  blood  has  a  lower  specific  gravity  than  the  ordinary 
blood (1035-1040) , and  a  paler  color,  as  if  it  was  mixed  with  pus.  The  reaction 
is  alkaline,  and  after  death  it  is  often  acid,  probably  due  to  a  decomposition 
of  lecithin,  which  is  often  considerably  increased  in  leuca?mia.  Volatile 
fatty  acids,  lactic  acid,  glycerophosphoric  acid,  large  amounts  of  xanthine 
bodies  and  so-called  Charcot's  crystals  (see  semen,  page  420)  have  also 
been  found  in  leucsemic  blood.  The  peptone  (proteose)  which  is  found  in 
the  leucaemic  blood  after  death,  and  which  does  not  exist  in  the  fresh  blood, 
is,  according  to  Erben,  a  digestive  product  which  is  produced  by  a  tryptic 
enzyme  as  well  as  traces  of  a  peptic  enzyme,  which  originate  from  the  leuco- 
cytes. These  enzymes,  according  to  Erben,  do  not  occur  in  normal  blood, 
or  are  so  firmly  combined  therein  that  on  the  death  of  the  cells  they  are 
not  set  free,  or  at  least  their  action  does  not  become  evident.1 

There  are  only  a  few  complete  analyses  of  the  chemical  composition 
of  blood  in  disease,  still  a  great  number  of  investigations  have  been  made 
on  this  subject.  But  as  we  have  only  a  few  analyses  of  the  blood  of  healthy 
individuals,  and  as  the  possible  variation  under  physiological  conditions  is 
little  known,  it  is  difficult  to  draw  any  positive  conclusions  from  the  analyses 
of  pathological  blood.  Unfortunately  on  account  of  the  large  number  of 
contradictory  statements  of  the  composition  of  the  blood  of  diseased  human 
beings  it  is  impossible  to  give  a  brief  summary  of  the  results,  still  the  changes 
in  the  blood  in  disease  must  be  of  the  greatest  value. 

The  quantity  of  blood  is  indeed  somewhat  variable  in  different  species 
of  animals  and  in  different  conditions  of  the  body;  in  general  we  consider 
the  entire  quantity  of  blood  in  adults  as  about  rWi  °f  tfte  weight  of  the 
body,  and  in  new-born  infants  about  -fa.  IIaldank  and  Lorrain  Smith,3 
who  have  determined  the  quantity  of  blood  by  a  new  method,  find  in  fourteen 
persons  that  it  varies  between  ^  and  ^  of  the  weight  of  the  body.  Fat 
individuals  are  relatively  poorer  in  blood  than  lean  ones.  During  inanition 
the  quantity  of  blood  decreases  less  quickly  than  the  weight  of  the  body 
(Paxum3),  and  it  may  therefore  be  also  proportionally  greater  in  starving 
mdividuals  than  in  well-fed  ones. 

By  careful  bleeding  the  quantity  of  blood  may  be  considerablj'  dimin- 
ished without  any  dangerous  symptoms.  The  loss  of  blood  to  one  fourth 
°f  the  normal  quantity  has  as  a  sequence  no  durable  sinking  of  the  blood- 
pressure  in  the  arteries,  because  the  smaller  arteries  accommodate  them- 
^'ves  to  the  small  quantities  of  blood  by  contracting  (Worm  Mullkr  *).  A 
'°ss  of  blood  to  one  third  of  the  quantity  reduces  the  blood-pressure  con- 

1  Erben,  Zeitschr.  f.  Heilkunde,  24. 

*  Journ.  of  Physiol.,  25. 

•Virchow's  Arch.,  29. 

♦Transfusion  und  Plethora,  Christiania,  1875. 
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s:.:er.iHy.  sn».i  a  low  of  one  half  of  the  b!«*vl  ir.  a-inlts  is  dangerous  to  life. 
The  more  ray:.;  :he  Ketv.ir.g  :he  more  /.angero*.:*  i:  is.  New-born  infants 
are  very  ser.>;::ve  :o  !oss  of  I  •"».:.  a:. :.  likewise  fa:,  c-M.  and  weak  persons 
i.v:.r.::  s:a::.:  :v.v.ih  'ess  of  \ '.:<•{.    W ■. n:e-  can  stani  Joss  of  blood  better 


v* . 


f  1  "..«:•.:  :r.ay  *:-;•  e- us:  ."era*  *y  ii^rease*.:  by  :he  injection  of 
•  •.*.  :r::v.  :':.■:  sa:v.->  Kvk-*  f  &r.::r.a",  Pasts.  Lax>::*,  W.-.rm  MI'llkr. 
Y  \r.:\  .  A.wrt::;.:  *  W .-:•;%*  Mvllfs  :':.--  r.  nua*  ,v.ar.:i:y  of  M.V.."  rr.ay 
:::Uvu  ".'■:  !,:«;t*",3s*»""  :.  s>  r-cr  .cr.:  wi:*-;-.::  •  r:«.iu:;:^:  ar.y  aVr."'m»al  condi- 

•v  :.-■•■:  y  :.v..s-r  ->  •  -«■"  v"  "•'=  Kv.irs  .  I:  :*>:  -/:a.v.::y  •■:  blooU 
;f  .;r.  :-.:'::-.'..■•.*  .-  :".■*.*■«..•".  y  :-;.•-*:■;*:  r.  ■•  :*.r.  "..•>:  .:  :L~v  sar.-.e  kini  of 
a .'."   :.".  -.'  ■.:•■  '..-.: .:  :'  rur.it .  '.'.  "f  >  :v;  v  *.■.»:■•? ■_  *£.■*.     Thf  waror  in  excess 

;%         .    ......:  ■...  .-..  .  .  .....      ...  •    .  s  .-..  .  ...  -'-"-.   "•"--  :_--—-.,-  :._,..:  •.'-]». 
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CHAPTER  VII. 
CHYLE,  LYMPH,  TRANSUDATES  AND  EXUDATES. 

I.  Chyle  and  Lymph. 

The  lymph  is  the  mediator  in  the  exchange  of  constituents  between  the 
blood  and  tissues.    The  bodies  necessary  for  the  nutrition  of  the  tissues 
pass  from  the  blood  into  the  lymph,  and  the  tissues  deliver  water,  salts,  and 
products  of  metabolism  to  the  lymph.    The  lymph,  therefore,  originates 
partly  from  the  blood  and  partly  from  the  tissues.    From  a  purely  theoret- 
ical standpoint  one  can,    according  to  Heidenhain,  differentiate  between 
blood-lymph  and  tissue-lymph  according  to  origin.     It  is  impossible  at  the 
present  time  to  completely  separate  that  which  comes  from  the  one  or  the 
other  source.    Chemically  the  lymph  is  the  same  as  plasma  and  contains,  at 
least  to  a  great  extent,  the  same  bodies.     The  observation  of  Asher  and 
Bakbera,1  that  the  lymph  contains  poisonous  metabolic  products,  does 
not  contradict  such  an  assumption,  as  no  doubt  these  products  are  trans- 
ferred to  the  blood  with  the  lymph.    Although  the  blood  does  not  show  the 
same  poisonous  action  as  the  lymph,  still  this  can  be  explained  by  the 
great  dilution  these  bodies  undergo  in  the  blood,  and  the  difference  between 
blood-plasma  and  lymph  is  no  doubt  of  a  quantitative  nature.    This  differ- 
ence consists  chiefly  in  that  the  lymph  is  poorer  in  proteids.     No  essen- 
tia chemical  difference  has  been  found  between  the  lymph  and  the  chyle 
°f  starving  animals.    After  fatty  food  the  chyle  differs  from  the  lymph  in 
Jk  Wealth  of  minutely  divided  fat-globules,  which  give  it  a  milky  appear- 
*nc©;  hence  the  old  name  "lacteal  fluid." 

Chyle  and  lymph,  like  the  plasma,  contain  seralbumin,  serglobulins, 
{^inogen,  and  fibrin  ferment.  The  two  last-mentioned  bodies  occur  only 
10  v^ry  small  amounts;  therefore  the  chyle  and  lymph  coagulate  slowly  (but 
^Utaneously)  and  yield  but  little  fibrin.  Like  other  liquids  poor  in  fibrin 
Ierr*ient,  chyle  and  lymph  do  not  at  once  coagulate  completely,  but  repeated 
^^^ulations  take  place. 

The  extractive  bodies  seem  to  be  the  same  as  in  plasma.  Sugar  (or 
&t  l^ast  a  reducing  substance)  is  found  in  about  the  same  quantity  as  in  the 
D^od-serum,  but  in  larger  quantities  than  in  the  blood;  this  depends  on 

1  Zeitschr.  f.  Biologie,  36. 
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The  salt.s  found  by  0.  Schmidt  in  the  lymph  of  the  horse  has  the  fol 
lowing  composition,  calculated  in  parts  per  1000  parts  of  the  lymph: 

5.67 

1.27 

eh 0.16 

Sulphuric.  Mid 

;  I  united  with  alkalies 0.02 

Earthy  phosphates 1 1 

In  the  cases  investigated  by  Mink  and  "Rosens-thin  the  quantity 
solids  in  the   fatting  ried    l>ctwccn  35.7  and  57.2  p.  m.     This 

variation  was  essentially  dependant  u|>ou  the  extent  of 

the  low  amount  coincides  with  a  mora  active  secretion,  and  I  me  in 

the  other  case.    The  chief  portion  of  the  solids  consisted  of  proteids. 

o-lationship  batwOflO  globulin  and  albumin  was  as  1:2.4  to  4. 
mineral  bodies  in  1000  parts  lymph  (chylous)  was:  XaCI  5.83;  Xa,CO, 
K,im  \ (i.-is:  r:Ul'< »,),  028;  M&(PI  \)7  0.09;  an  \)  0.025. 

Under  special  conditions  the  lymph  may  be  so  rich  in  li;  led  fat 

that  it  appears  like  chyle.     Such  lymph  has  been  investigated  by  Hi 
in  a  case  of  lymph  fistula  in  a  ten-year-old  boy,  and  by  Lang  ■  in  a  case 
lymph  fistula  in  the  left  upper  part  of  the  thigh  of  a  girl  of  seventeen. 
Tin-  lymph  investigated  by  EbcMsra  varied  in  the  quantity  of  fat.  as  an 
average  of  nineteen  analyses,  between  2.8  and  36.9  p.  m.,  whil  ves- 

tigated  by  Lam;  contained  21.85  p.  in.  of  fat. 

The  quantity  of  lymph  secreted  must  naturally  change  considerably 

under  various  conditions,  and  there  are  no  means  of  measuring  it.     The 

Bow  of  lymph  is,  as   IIkidknhain  suggests,  no  measure  of  the 

ly  of  nutritive  material  to  the  organs,  and  the  lymph- 

rding  to  mm  as  "drain- tubes,"  removing  the  excess  of  fluid 

the  lymph-fissuree  as  poon  as  the  pressure  therein  rises  to  a  certain 

icen  made  to  determine  the  quantity  of  lympl 

ing    in    24    hours   in    the   thoracic   duct   of    animals.     According 

Barn  nh  m  averages  640  c.  c.  for  a  dog  weighing  10  kilos. 

Determinations   of   the  quantity  of   lymph   in   man   have  also 
attempt.'  -Paton  '  obtained  1  c.  c.  of  lymph  per 

severed  thoracic  duct  of  a  patient  weighing  CO  kilos.     The  quant 
21  hours  cannot  lx«  calculated  from  this  amount,     In  the  ease  of  Mink  an< 

1134-1372  grams  chyk  was  collected  within  12-13  hours  aft 
partaking  of  food.     In  the  fasting  uondition  or  after  starving  for  18  hours 
they  found  50  to  70  grams  per  hour,  sometimes  120  grams  and  above, 
daily  in  the  first  few  hours  after  powerful  muscular  exercise. 

veral  circumstances  have  a  marked  influence  on  the  extent  of  lymph 


1  Hencen,  Pfluger's  Arch  ,  10;  Lang,  weMaly's  Jahrwber  ,  4. 
'Joum.  of  Physiol ,  11 
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No.  1.        No.  2. 

Water. 904.8        940.72  water 

Solids 95.2  59.28  solids 

Fibrin Traces        

Albumin 70.8  36.67  albumin 

Fat 9.2  7.23  fat 


Remaining  organic  bodies.  .     10.8 
Salts 4.4 


2.35  soaps 
(0.83  lecithin 
1.32  cholesterin 
3.63  alcohol  extractives 
0.58  water  extractives 
6.80  soluble  salts 


IS: 


35  insoluble  salts 


The  quantity  of  fat  is  very  variable  and  may  be  considerably  increased 
by  partaking  food  rich  in  fats.  I.  Munk  and  A.  Rosenstein  *  have  inves- 
tigated the  lymph  or  chyle  obtained  from  a  lymph  fistula  at  the  end  of  the 
uPper  third  of  the  leg  of  a  girl  18  years  old  and  weighing  60  kg.,  and  the 
highest  quantity  of  fat  in  the  chylous  lymph  was  47  p.  m.  after  partaking 
°f  fat.  In  the  starvation  lymph  from  the  same  patient  they  found  only 
0-6-2.6  p.  m.  fat.  The  quantity  of  soaps  was  always  small,  and  on  partaking 
°f  41  grams  of  fat  the  quantity  of  soaps  was  only  about  ,V  °f  tne  neutral 
fats. 

A  great  many  analyses  of  chyle  from  animals  have  been  made,  and 
^hey  chiefly  show  the  fact  that  the  chyle  is  a  liquid  with  a  very  changeable 
c°rriposition  which  stands  closely  related  to  blood-plasma,  but  with  the 
c*iief  difference  that  it  contains  more  fat  and  less  solids.  The  reader  is 
^ferred  to  special  works  for  these  analyses,  as,  for  example,  to  v.  Gorup- 
"t*;£SANEz's  "Lehrbuch  der  physiologischen  Chemie,"  4th  edition. 

The  composition  of  the  lymph  is  also  very  changeable,  and  its  specific 
Suavity  shows  about  the  same  variation  as  the  chyle.  In  the  following 
^■**alyses,  1  and  2,  made  by  Gubler  and  Quevenne,  are  the  results  ob- 
*-^ixied  from  lymph  from  the  upper  part  of  the  thigh  of  a  woman  aged  39; 
^**d  3,  made  by  v.  Scherer,  is  an  analysis  of  lymph  from  the  sac-like 
c*ilated  lymphatic  vessels  of  the  spermatic  cord.  No.  4  was  made  by 
S^-  Schmidt,'  the  data  being  obtained  from  lymph  from  the  neck  of  a  colt. 
-*-**e  results  are  in  parts  per  1000. 


Water 

1 
,  . ,   939.9 

2 

934.8 
65.2 
0.6 
42.8 
9.2 
4.4 
8.2 

3 

957.6 

42.4 

0.4 
34.7) 

7.2 

4 

955.4 
44  6 

Fibrin 

....       0.5 
42.7 

2.2 

....       3.8 
5.7 

35.0 

Salts 

7.5 

\ 


'Virchow's  Arch.,  128. 

'Gubler  and  Quevenne,  cited  from  Hoppe-Seyler's  Physiol.  Chera.,  591;  Scherer, 
**<*.,  591;  C.  8chmidt,  ibid.,  592. 


210 


CHYLE.  LYMPH,  TRANSUDATES  AND  EXUDATES. 


In  the  past  the  formation  of  lymph  was  explained  in  a  purely  phytic*] 
way  by  the  united  action  "f  filtration  from  the  blood  and  the  osmosi 
l*»tween  the  blood  and  ti«ue-fluid.     Later  Hi;m>kvhain  and  II 
ascribe  a  special  activity  to  the  capillar.'  endothelium  in  that  they  take 
part  in  the  formation  of  lymph  in  a  secretory  mannpr. 

Another  view  which  also  besides  the  physical  processes  is  of 
physiologienl  moment  in  the  explanation  of  lymph  formation  was  sug- 
gested bj  ASHEB  and  his  collalmrators  (Barhkka,  Gif.s  and  Bcsch). 
According  to  them  the  lymph  is  a  product  of  the  work  of  the  organs;  its 
amount  is  dependant  upon  an  increased  or  diminished  activity  of  the  orpins 
and  tin-  lymph  is  therefore  a  measure  of  the  work  in  these.  The  close 
relation  between  lymph  formation  and  organ  work  has  also  been  shown 

levari]  organs,  especially  for  the  liver.     STABLING  has  shown  that  after 
the  introduction  of  lymphagogues  of  the  first  series  chiefly  liver  lym | 
secreted,  which  he  claims  is  a  proof  against   Heioexhain's  view,  aim" 
explains  the  increased  permeability  of  the  vessel  wall  by  the  fact  that  tie 
Ix.dies  have  a  poisonous  irritating  action.     Tin  the  contrary,  Ashf.r  explains 
this  increased  lymph-flow  by  th.  ien(  that  the  substance  in  question — 

as  well  as  those  influences  which  incite  the  activity  of  the  liver—  produces 
an  increased  formation  of  lymph  in  these  organs.  This  view  is  supported 
by  the  experience  upon  the  action  of  lymphagogues  upon  blood  coagula- 
tion and  liver  activity  (Dklkzf.nm:  and  otherB),aj  according  to  Qlst  these 
bodies  have  at  the  same  time  a  lymphagogue  action  and  an  action  up' 
the  secretion  of  the  glands.     The  connection  between  organ  a<  id 

lymph    formation   h:<  del    the   above-mentioned   investigators,   also 

bean  shown  by  others  upon  muscles  and  glands  (HAMBUJUiKK.B.UNnnwGE1). 

The  extent  of  organ  work  certainly  essentially  influences  the  quantity  and 
properties  of  the  lymph.  Still  from  this  we  cannot  draw  any  ]>ositive  con- 
clusions as  to  whether  the  lymph  formation  b  brought   about   by  phvsico- 

oieaJ  processes  alone  or  if  in  this  process  a  specific,  not  i  de- 

finable, secretory  force  is  at  work  at  the  same  time.  In  regard  to  this 
much-dispu ted  question  attention  must  be  called  in  the  first  place  to  the  fart 
that  the  important  works  of  Mfiokvh  u\\  Haububgeb,  Lazarus-Barlow. 

igationa  of  Asms  and  On 
•okkr*  upon    the   lengthy  post-mortem   lymph-flow,  h 
that   the  older  filtration   hypothesis   is   untenable.     That   the  part   pi 
Itratioo  ired  to  that  of  the  osmotic  force   is  only  very  I 

has  been  conclusively  shown  by  the  adherents  of  the  physico-chemical 
theoi-  ph  formation. 

eral  investigators  (KoRAwrt,  Starling,  Roth.  Asher,  and  others) 

'  In  regard  to  the  works  cited,  as  well  as  the  literature  upon  lymph  formation,  set 
Hunger,  rgehiusse  dee  Physiol.,  I,  Abt.  1,  1902. 

*  Amer.  Joum  I.,  7. 
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hive  shown  clearly  that  the  work  in  the  glands  and  tissue-cells  must  cause  a 
difference  in  the  osmotic  pressure  upon  tin-  two  -ides  "f  the  capillary-wall. 
That  this  is  so  follows  from  several  circumstances  and  also  from  the  fact 
that  in  dissimilation  in  the  cells,  bodies  of  high  molecular  weigh!  are  split 
Mo  a  number  of  smaller  molecule-,  \vhich  latter,  either  directly,  if  they 
Ire  the  cells  and  pass  into  the  tissue-fluid,  or  indirectly,  when  they  remain 
the  cells,  produce  an  increase  in  the  osmotic  tension  within  the  cells  and  in 
way  eau  •'   water  from  the  fluid  and  i  refers 

incm.  uc-fluids.     As  tile  cells  ran  Ivy  syn- 

thesis build  up  highly  complex  OOnslitoentB  from  simple  molecules,  and  as 
iiicf  products  of  catabolism  are  carbon  dioxide  and  water,  it  Is  diffi- 
cult to  explain  these  intricate  condition*.  Still,  irrespective  of  whatever 
view,  a  cliange  in  one  or  the  other  direction  in  the  osmotic  pressure  upon 
t*»th  sides  of  the  capillary-wall  must  be  produced  hereby.  Whether  this 
and  other  physico-chemical  processes  are  alone  sufficient  to  explain  the 
lymph  formation  (OOBtfSTBDf,  Ellinp.eiO  remains  an  open  and  disputed 
question.1 


II.  Transudates  and  Exudates. 

The  serous  membranes  are  normally  kept  moistened  by  liquids  wl 
quantity  is  only  Bui  in  a  few  instances,  as  in  the  pericardial  cavity 

^nd  the  subarachnoidal  space,  for  a  complete  chemical  analyis  to  be  Bade 
°f  them.  Under  diseased  conditions  an  abundant  transudation  may  take 
Place  from  the  blood  into  rln-  Beroufl  cavities,  into  the  subcutaneous  tissues, 
°i*  under  the  epidermis;  and  in  this  way  pathological  transud: 
*«>riried.  Such  true  transudates,  which  are  similar  to  lymph,  are  gener- 
ally poor  in  form-elements  and  leucocytes,  and  yield  only  very  little  ur 
^Arnost  no  fibrin,  while  the  inflammatory  transudates,  the  BO-called  exu- 
c*^tes,  are  generally  rich  in  Leucocytes  and  yield  proportionally  more  fibrin. 
*^S  a  mle,  the  richer  a  transudate  is  in  leucocytes  the  closer  it  stands  tO 
I  •»  i-.  while  a  diminished  quantity  of  leucocytes  renders  it  more  nearly  like  a 
**«^1  transudate  or  lymph. 

It  is  ordinarily  accepted  that  filtration  is  of  the  greatest  importance 
***  the  formation  of  transudates  and  exudates.  The  facts  coincide  with 
t* "us  view  that  all  these  Quids  contain  the  salts  and  extractive  bodieB 
°«5curring  in  the  blood-plasma  in  about  the  same  quantity  as  the  blood- 
X>lasma,  while  the  amount  of  proteids  is  habitually  smaller.  While 
*iifferent  fluids  belonging  to  this  group  have  about  the  same  quantities  of 
^^lts  and  extractive  bodies,  they  differ  from  one  another  chiefly  in  contain- 
***g  differing  quantities  of  proteid  and  form-elements,  as  well  as  varying 


•On  this  question  see  Ellinger,  "Die  Bildung  dcr  Lymphc,"  Ergebniss*  dor  Phv- 
•iologie,  I,  Abt.  1,355. 
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quantities  of  transformation  and  decomposition  products  of  these  latter — 
changed  blood-coloring  matters,  cholesterin,  etc.  The  correspondence  in. 
the  amount  of  salts  and  extractive  bodies  present  in  the  blood  and  in 
transudates  supplies  just  as  little  proof  for  a  filtration  as  it  does  for  the  form- 
ation of  lymph;  but  still  it  cannot  be  doubted  for  other  reasons  that  fil- 
tration is  often  of  great  importance  in  the  formation  of  a  transudate.  To> 
what  extent  filtration  is  active  in  the  perfectly  normal  vascular  wall  cannot* 
be  answered. 

The  changed  permeability  of  the  capillary  walls  in  disease  is  a  seconA_ 
important  factor  in  the  formation  of  transudates.     The  circumstance  t.ha>—  - 
the  greatest  quantity  of  proteid  occurs  in  transudates  in  inflammatoi>==-' 
processes,  to  which  is  also  due  the  abundant  quantity  of  form-elements  in= — 1 

such  transudates,  has  been  explained  by  this  hypothesis.     The  greate r 

quantity  of  proteid  in  the  transudates  in  formative  irritation  is  in  grea 1 

part  explained  by  the  large  amount  of  destroyed  form-elements.    Th         p 

interesting  observation  made  by  Paijkull,1  that  in  such  cases  in  which  a: n 

inflammatory  irritation  has  taken  place  the  fluid  contains  nucle©albumi__-*n 
{or  nucleoproteids?),  while  these  substances  do  not  occur  in  transudat 
in  the  absence  of  inflammatory  processes,  can  be  explained  by  the  pi 
ence  of  form-elements.     Still,  such  a  phosphorized  protein  substance  dc 
not  occur  in  all  inflammatory  exudates. 

As  the  secretory  importance  of  the  capillary  endothelium  has  been  macawfe 
probable  by  the  investigations  of  Heidenhain,  it  is  o  priori  to  be  expect^-«»»ed 
that  an  abnormally  increased  secretory  activity  of  the  endothelium  is  a 

cause  of  transudates.  Those  observations  which  substantiate  such  ^b=-  an 
assumption  can  also  be  explained  just  as  well  by  assuming  a  chang*  "^ed 
permeability  of  the  capillary-walls. 

The  varying  quantities  of  proteid  observed  by  C.  Schmidt2  in  t-^*he 
tissue-fluids  in  different  vascular  regions  can  perhaps  be  explained  by  t— :JH.he 
different  condition  of  the  capillary  endothelium.     For  example,  the  amouMd-Jiirt 
of  proteid  in  the  pericardial,  PLEURAL,  and  peritoneal  fluids  is  cd2»»  on- 
siderably  greater  than  in  those  fluids  which  are  found   in  the  subarac — *»  -&*' 
noidal  space,  in  the  subcutaneous  tissues,  or  in  the  AQUEOUS  HUMO  10R' 
which  arc  poor  in  proteid.     The  condition  of  the  blood  also  greatly  &Bem  ■^^c*s 
the  transudates,  for  in  hydremia  the  amount  of  proteid  in  the  transudt^-^ate 
is  very  small.     With  the  increase  in  the  age  of  a  transudate,  of  a  hydroc  ■m^ccle 
fluid  for  instance,  the  quantity  of  proteid  Is  increased,  probably  by  resor  ^enrp- 
tion  of  water,  and  indeed  exceptional  cases  may  occur  in  which  the  amoi — ^wt 
of  proteid,  without  any  previous  hemorrhage,  is  even  greater  than  in  l-»    "& 
blood-serum. 

The  proteids  of  transudates  are  chiefly  seralbumin,  serglobulin,  anc^*»  * 


1  See  Maly's  Jahresber.,  22. 

1  Cited  from  Iloppc-Seyler,  Physiol.  Chem.,  607. 
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fittle  fibrinogen.  Proteoses  and  peptones  do  not  occur,  with  perhaps  the 
cerebrospinal  fluid  as  an  exception,  and  in  those  cases  when  HO  autolysis  has. 
taken  place  in  the  liquid.1  The  non-inflammatory  transudates  do  not  as 
I  rule  coagulate  spontaneously,  or  very  slowly.  On  the  addition  of  1 
or  blood-serum  they  coagulate.  Inflammatory  exudates  coagulate  spon- 
ttneously,  and  Paijkull  has  shown  that  these  often  cont  o-i.I 

(or  nucleoalbumin).  In  inflammatory  exudates  a  protein  substance  has 
teen  habitually  observed  which  is  precipitated  by  acetic  acid,  but  which 
docs  not  OCCUI  in  transudates,  or  only  in  very  small  quantities.  This  sub- 
stance, which  was  observed  and  studied  by  Moritz,  BtaIHBLIN,  and 
I'vber,  is  free  from  phosphorus  and  1  nerosamucin  by  Ul 

although  it  only  yields  very  little  reducing  carbohydrate.  According  to 
Joachim  *  it  is  only  a  part  of  the  globulin,  sad  further  Envestigatioo  is 
desirable.  Mucoid  substances, 'which  were  first,  observe*  1  by  Hammar- 
fiTEX  in  certain  cases  of  ascites  without  complication  with  ova  rial  tumors, 
seem  according  to  Paijkull  s  to  be  a  regular  constituent  of  transudates 
as  a  cleavage  product  of  a  more  complicated  substance. 

There  are  numerous  investigations  on  the  relationship  between  globu- 
lin and  seralbumin,  and  Joachim  has  recently  determined  the  relationship 
between  euglobulin  and  the  total  globulin.  No  conclusive  results  can  be 
♦irawn  from  these  determinations.  The  relationship  between  globulin  and 
seralbumin  Varies  very  much  in  dim-rent  cases,  but,  as  Hoi  k.mann  and 
PkQKAl  D  '  have  shown,  the  variation  is  in  each  case  the  same  as  in  the  blood- 
serum  of  the  individual. 

The  specific  gravity  runs  rather  parallel  with  the  quantity  of  pioteid. 
T^ie  varyim  gravity  lias  been  suggested  as  a  means  of  differentiation 

betivitn  transudates  and  exudates  by  R.EUS8,'  as  the  first  often  show  a 
specific  gravity  below  1015-1010,  while  the  others  have  a  specific  gravity 
°f  1018  or  above.     This  rule  holds  good  in  many  but  not  in  all  cases. 

The  gates  of  the  transudates  consist  of  carbon  dioxide  besides  small 
**Jwunt8  of  nitrogen  and  traces  of  oxygen.  The  tension  of  the  carbon 
dioxide  is  greater  in  the  transudates  than  in  the  blood.  When  mixed 
^ith  pus  the  amount  of  carbon  dioxide  is  decreased. 

The  extractives  are,  as  above  stated,  the  same  as  in  the  blood-plasma; 
*>vu  sometimes  extractive  bodies  occur,  such  as  allantoin  in  dropsical  fluids 


1  Umber,  Munch   med.  Wochenschr. ,  1902,  and  Berlin,  klin.  Wochcnachr.,  1808. 
'Paijkull,  1    c,  Moriu,  Munch,  med.  Wocheuwhr..  1903;  Stachelin,  ibid.,  1902; 
^JJnher.  Zeitachr.  f.  klin.  Med.,  48;  Joachim,  Pflijgcr's  Arch..  9$. 

'Hammarsten,  Zeitachr.  f.  physiol.  Chem.,    IS;    Paijkull,  1.  c.     See  also  Young, 
"jW  das  Mucoid  der  Aacitasflustsigkeit.  Inaug.  Diss.  Zurich,  1901. 

'Joachim,  1.  c. ;  Hoffmann,  Arch.  f.  exp.  Path.  u.  Pharm.,  lfl;  Pigeaud,  eeo  Maly's 
Jabwber.,  16. 

'Reusa.  Deutsch.  Arch.  f.  klin.  Med.,  28.    See  also  Otto,  Zeitachr.  f.  Heilkunde,  17. 
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;.ve  not  been  detected  in  the  blo«xl.  Urea  seems 
to  occur  in  very  variable  amounts.  Sugar  also  occurs  in  transudates,  but 
it  is  not  known  to   what  extent  the  reducing  power  is  due,  BB  in  blood- 

ni,  to  Otbet  l>o<lira.     A  reducing,  non-fermentable  BUbetance  h&C 
found  by  Reckabot  in  transudates.     The  sugar  is  general',  •■.  but 

fa  vulose  seems  to  have  been  found  '  in  several  cases.  Sarcoladic  acid  has 
been  found  by  (.'.  Kllz  s  b  the  pericardial  fluid  from  oxen.  Succinic  acid 
has  been  found  iii    i  few  i  hydrocele  fluids,  while  in  other  cases  it 

is  entirely  absent.     Leucin  and  tyrosw   have  Urn   found  in  transuda'* 
from  diseased  liven   Mid   in   pus41ke  transudates  whi<  Be 

decomposition,    and    after    autolysis.      Anion |    ,,il,  --livis    found    in 

transudates  must  be  mentioned  uric  aeidj  xontkifk  ■  »e,  inositc,  &nd 
•pyrocaUcltin  ('!}. 

As  abovi  I,  irrespective  of  tin-  varying  numlwr  of  forrn-oleme 

contained  in  the  diffe  .  the  quantity  of  pn  (eld  is  the  meet 

eharaeterietSi  iel  dietinction  in  the  composition  of  the  various  trans- 

udates;    then-fore  a  quantitative  anal  only  of  importance  in  so  far 

as  it  considers  the  quantity  of  proteid.     On  this  account.  U  tin-  following 

quantitative  composition,  chief  stress  will  be  put  "it  the  quantity  of  proteid. 

Pericardial  Fluid.    The  quantity   of  this  fluid  Is  also,  under  certain 

physiological  conditions,  BO   large  thfl  .  ul 

investigation  was  obtained  from  a  penan  who  had  been  exeanted. 

flui<l  v  lerii. 'M-\  "how  in  color,  somewhat  sticky,  and  yield 

idates.    The  amount  of  BoHdflj  according  to  the  an 

icd    by    v.    CiDitin-BiisANKZ.  urn.    and    Hop  k.4 

37.5-44. *»  p.  m.,  and  the  amount  of  proteid  is  22  >  L'4.7  p.  m.     The  analysis 

made  by  Hammabbtbs  of  a  faeah  pericardial  fluid  from  a  young  man  who 

had  been  executed  yielded  the  following  results,  calculated  in  L000  parte  by 

weight: 

MO  M 

Solids 80.18 

i  I'U.rii. 0.31 

Proteins 28.00-  GU  >l>nlin 

'  Ubumia    . . 

Lie  salts 8.80     NaCJ 7.28 

Insoluble  salts. 0.15 

..ctivc  Ixxlies 2.00 

found  nearly  the  same  composition  for  a  pericardial  flux.  1 
B  a  horse,  with  the  exception  that  this  liquid  was  relatively  richer    in 

'Zeiuchr.  f.  phymol.  (  ban  .  13. 

1  Piokardt,  Bed.  Uin.  \\.  See  also  Rotraann,  Munch,  raed.  Wo«**»- 

•enachr,  1898;  Nraboig  tad  BtrauaR,  Zeitechr.  f.  phyatal  Chen 
llaeht  f.  Biologic.  32. 

•  v.  Cionin-He. .  I  rlmrh  d physinl    CSmoOl,  I,    ivSL,   H'U  ;    W.ichsmuth,  Vt 

chow's  Arch  .  7  ,    Hopp»6cpUr,  Physiol.  Chcm  ,  G05. 

1  Halliburton,  Text-book  of  Chem.  Physiol.,  etc.,  347.     London,  1801. 
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globulin.     The  ordinary   .statement   that    pericardial    fluids   are  richer  in 
gen  than  other  transudates  is  hardly  based  on  sufficient  proof.     In 
a  case  of  ehyl  lium,  which  was  probably  due  to  the  rupture  oC  a 

ssel  or  caused  by  a  capillary  exadattoa  of  chyle  because  <>f  stop- 
page, Haskhrokk  '  found  b   1000  parti  of  the  fluid  103.63  parts  boJ 

parts   protddfl,    10.77    parts   fat,    'A.'M    parts  cholestcrin,    177    j>arts 
lecithin,  and  9.34  parti  sabs. 

The  pleural  fluid  occurs  under  physiological  conditions  in  such  small 
ities  that  a  chemical  analysis  of  the  same  OSDDOl  be  made.  Under 
pathological  conditions  this  fluid  may  show  very  variable  properties.  In 
certain  case*  it  is  nearly  BefOUS,  W  "thers  again  Kero-fibrinous,  and  in  D$heXB 
Then  is  a  corresponding  variation  in  the  specific  gravity 
ami  the  properties  in  general.  If  a  pus-like  exudate  is  kept  closed  for  a 
long  time  in  the  pleural  cavity,  a  more  or  less  complete  ti<>n  and 

ii  <0  of  the  pus-corpuscles  is  found  to  take  place.  The  ejected  yellowish- 
brown  or  greenish  fluid  may  then  be  as  rich  in  solids  as  the  blood-serum; 
and  an  abundant  it  precipitate  of  a  nucleoalbumin  or  nucleopro- 

Wd  n  of  early  writers)  may  be  obtained  DO  the  addition  of  acetic 

»cid.     This  precipe  ohlble  with  difficulty   in  an  excels  of  acetic  arid. 

Xumerous  analyses,  1  >y  many  investigators/  of  the  quant  native  sompo 
pleural  fluids  under  pathological  conditions  are  at  hand.      From 
these  analyses  we  leani  thai  in  hydrothorax  the  specific  gravity  is  lower  and 
.uantiry  of  proteid  leea  than  in  plcuritis.      In  the  first  case  the  specific 
gravity  is  generally  less  than   1015,  and  the  quantity  of  proteid   10-30 
In  acute  plenritis  the  specific  gravity  Is  generally  higher  than  1020, 
arM   the  quantity   of   proteid    30-45   p.    m.     The   quantity   of    fibrinogen. 
*$tfeh  in  hydrothorax  is  about  0.1  p.  m.,  may  amount  to  more  than  1  : 
In-  pleuritis.      In  pleurisy,  with  an  abundant  gathering  of  pui,  the  >  peri  he 
tnay  rise  even  to  1030,  according  to  the  observation-,  of  II ammak- 
The  quantity  of  solid!   E  often  60  70  p.  m.,  and  may  be  even  more 
than  90-100  p.  ra.  (Ham.mar.stex).      Mucoid  substances  have  also 
Beteeted  En  pleural  fluids  h\   Tm.ikull.     Cases  of  chylous  pleurisy  are  also 
n;    in  such  a  case  Mkhu  3  found   17.08  p.   m.  fat  and  cholestcrin  in 
th* 

Ihe  quantity  of  peritoneal  fluid  Ls  very  small  under  physiological  <■  i 

be  investigations  refer  only  to  the  fluid  under  diseased  conditions 
Uic  fluid).     The  color,   transparency,  and   consistency  of 
l**ese  may  vary  greatly. 


'Zeitachr  f  physio  12 

porks  uf  Mi'-lm,  Runeberg,  F    Hoffmann,  Reus-.,  Neuenkfaehsn,  all  of 
^hich  an-  cited  in  Bcraheim'fl  papa  in  Vlrehow'i  Arch.,  131,  274.    See  also  1'aijkull, 
witon's  Text-book   346;  Joachim,  I.  c. 
*  Arch.  gtfn.  de  med  ,  1886,  -  m  Muly's  J&hreeber,  16. 
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In  cachectic  conditions  or  a  hydremic  condition  of  the  blood  the  fluid 
has  little  color,  is  milky,  opalescent,  watery,  does  nut  coagulate  spon- 
taneously, has  a  very  low  specific  gravity,  1005-1010-10  is  nearly 
free  from  form-elements.    The  ascitic  Huid  in  portal  Stagnation,  or 

in  venous  congestion  has  a  low  specific  gravity  and  ordinarily  less 
than  20  p.m.  proteid,  although  in  certain  cad  ny  oi  pi 

may  rise  to  35  p.  in.     In  carcinomatous  pci 

dirty-gray  appearance,  due  hncss  in  form-elements  of  various  L 

The  specific  gravity  is  then  higher,  the  quantity  of  solids  graft 

i  coagulates  spontaneously.     Tit  inflammatory  pTOCflBMi  it  is  str; 
n-yellnw  in  color,  somewhat,  cloudy  or  rrddi-h.  due  to  leOCOCytCl  and 
! -loud -corpuscles,  and  froiii  it  hness  in  teucOCJ -ti-s  it  may  appear 

more  like  pus.     It  coagulates  sjiont;  and  may  be  relative  1- 

It  contains  regularly  30  p.  m.  or  more  proteid  (ali  tions 

with  less  proteid  occur),  ami  may  have  a  sp  ivity  of  1.03D  or  above. 

l'.v  rupture  of  a  chylous  vessel  the  dropsical  fluid  may  be  rich  in  \<-»\  finely 
emulsified  fat  (chylous  ascites).     In  such  cases  3.S6-10.30  p.  m.  fat  has 
been  found  in  the  dropsical  fluid  (CIuinochet,  Hay  '),  and  even  17   IM  | 
has  been  found  by  Minkowski. 

As  first  shown  by  Gross,  an  ascitic  fluid  may  have  a  chylous  appearance 
ut  the  presence  of  fat,  i.e.,  pseudochylous.    The  reason  for  tie 
properties  of  a  transudate  Ls  not  known,  although  numerous  investigators 
BUfifa  Bfl  G  krvert,  Mosse,  Strauss  a  studied  the  subject;  several 

observations,  how  ever,  seem  to  show  that  it  is  connected  with  the  UQOUJ 
mi  contained  therein  . 
By  admixture  of  ascitic  Huid  with  the  fluid  from  an  ovarian  cyst  the 
former  may  bohh-iimh-h  contain  pseudnmuein  (see  Chapter  .Mil         There 
also  are  cases  in  which  the  ascitic  fluid  contains  mucoids  wh'nh  maybe  pre- 

ited  by  alcohol  after  removal  of  the  proteidsby  coagulation  at  b- 
temperature.     Such  mucoids,  which  yield  a  reducing    substance    on 
ing  with  acids,  have  been  found  by  IIammarsten  in  tuberculous  jK-ri- 
tonitis  and   in   cirrhosis   hepatis  syphilitica   in   men.      According  to  the 
investigations  of  PaZJTDLL  these  substances  seem  to  occur  often  and  perhaps 
habitually  in  the  ascitic  fluids. 

As  the  quantity  of  proteid  in  ascitic  fluids  is  dependent  upon  the  same 
circumstances  as  in  other  transudates  and  exudates,  it  is  sufficient  to  give 
the  following  example  of  the  composition,  taken  from  Bernbeui 'eB 
treatise.    The  results  are  expressed  in  1000  parts  of  the  fluid: 


•  Guinochet,  see  Stratum.  Arch,  de  Physiol.,  IK.     See  Maly'a  Jahresber.,  IB. 
'GroM,  Arch.  f.  exp    Path.  u.  Pharm.,  44;    Bemcrt,  ibid.,  49;   Howe,  Leyden's 

Festschrift.  1901 ;  Strauss,  cited  in  Biochem.  Ccntralbl.,  1,  137. 

•  L.  c.     As  it  was  impossible  to  derive  mean  figures  from  those  given  by  Beraheira. 
the  author  has  given  the  maximum  and  minimum  of  the  averages  given  by  him. 
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Max.  Min.  Mean. 

Cirrhosis  of  the  liver 34.5  5.6  9.60 — 21.06 

Bright 'a  disease 16.11  10.10  5.6—10.36 

Tuberculous  and  idiopathic  peritonitis. .  .  55.8  18.72  30.7  —37.95 

Carcinomatous  peritonitis 54.20  27.00  35. 1  —58.96 

Joachim  found  the  highest  relative  globulin  amounts  and  lowest  albumin 
raults  in  cirrhosis;  in  carcinoma  on  the  contrary  the  lowest  globulin  and  the 
highest  albumin.  The  values  in  cardiac  stagnation  stand  between  the  cirrhosis 
and  carcinoma. 

Urea  has  also  been  found  in  ascitic  fluids,  sometimes  only  as  traces,  some- 
times in  larger  quantities  (4  p.  m.  in  albuminuria),  also  uric  acid,  allantoin  in 
cirrhosis  of  the  fiver  (Mobcatklli),  xanthine,  creatine,  cholesterin,  sugar,  diastolic 
ud  proteolytic  enzymes,  and  according  to  Hamburgkb  *  also  a  lipase. 

Hydrocele  and  Spermatocele  Fluids.  These  fluids  essentially  differ 
from  each  other  in  various  ways.  The  hydrocele  fluids  are  generally  colored 
light  or  dark  yellow,  sometimes  brownish  with  a  shade  of  green.  They 
We  a  relatively  higher  specific  gravity,  1.016-1.026,  with  a  variable  but 
generally  higher  amount  of  solids,  an  average  of  60  p.  m.  They  Sometimes 
coagulate  spontaneously,  sometimes  only  after  the  addition  of  fibrin  ferment 
or  blood.  They  contain  leucocytes  as  chief  form-elements.  Sometimes 
they  contain  smaller  or  larger  amounts  of  cholesterin  crystals. 

The  spermatocele  fluids,  on  the  contrary,  are  as  a  rule  colorless,  thin* 
cloudy  like  water  mixed  with  milk.  They  sometimes  have  an  acid  reaction. 
They  have  a  lower  specific  gravity,  1.006-1.010,  a  lower  amount  of  solids — 
an  average  of  about  13  p.  m. — and  do  not  coagulate  either  spontaneously 
w  after  the  addition  of  blood.  They  are,  as  a  rule,  poor  in  proteid  and 
contain  spermatozoa,  cell-detritus,  and  fat-globules  as  form-constituents.  To 
show  the  unequal  composition  of  these  two  kinds  of  fluids  we  will  give  the 
average  results  (calculated  in  parts  per  1000  parts  of  the  fluid)  of  17  anal- 
3^8  of  hydrocele  fluids  and  4  of  spermatocele  fluids  made  by  Hammarsten.1 

Hydrocele  Spermatocele. 

Water. 938.85  986.83 

Solids 61.15  13.17 

Fibrin 0.59           

Globulin 13.25  0.59 

Seralbumin 35.94  1 .82 

Ether  extractive  bodies 4 .02 ) 

Soluble  salts 8.60V  10.76 

Insoluble  salts 0.66) 

f     In  the  hydrocele  fluid  traces  of  urea  and  a  reducing  substance  have  been 
*J**d,  and  in  a  few  cases  also  succinic  acid  and  inosite.    A  hydrocele  fluid  may> 
r^Ording  to  Devillarp,*  sometimes  contain  paralbumin  or  metalbumin  (?). 
^•ea  of  chylous  hydrocele  are  also  known. 

Cerebrospinal  Fluid.     The  cerebrospinal  fluid  is  thin,  water-clear,  of 
*°*  specific  gravity,  1.007-1.008.     The  spina  bifida  fluid  is  very  poor  in 

1  Arch.  f.  (Anat.  u.)  Physiol.,  1900,  433. 

'  Upsala  Lakaref.  Fork,  14,  and  Maly 's  Jahresber.,  8,  347. 

*  Bull.  soc.  chim.,  49,  617. 
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solids,  S-lfl  p.m..  with  only  0.19-l.fi  p.m.  proteid.  The  Quid  "f  chronic 
hydrocephalus  is  somewhat  richer  in  solids  (13-19  p.m.)  and  proteids. 
According    fcO   HalUUOUTOM    the   proteid    of    the   cerebrospinal 

mixture  of  globulin  nod  proteose;  occasionally  urs,  and 

mon  rarely,  in  special  cases.  seralbumin  appears.  The  statements  of 
!!■  libi  eitom  on  the  occurrence  of  pnUoat   do   ool    ooiiicide  wit! 

observations  of  oilier  investigators  (.Panzi.u.  Salkowski  ').  In  general 
paralysis  where,  according  t<>  Hvlmhi'iitox  and  Mi  bolide  and  poison- 

ous products  from  the  brain  pass  into  the  fluid,  it  also  contains  m. 
proteid.  JJ-xtrose,  or  at  least  a,  fermentable  sugar,  occurs  habitually  in  the 
ospinal  fluid,  while  the  Btatcsne&te  of  HALLIBURTON  as  to  the  occnr- 
•  of  a  substance  similar  to  pyror-atechin  could  not  be  substantiated  by 
N.wvratzki  3  and  hence  this  substance  dee-  BOl  exist  in  all  cerebrospinal 
fluids.  Una  occurs  iii  osrebroepinal  fluids  but  not  always.  The  variable 
relationship  between  potassium  and  sodium  '  is  probably  due,  according 

-  '.lkowski,  to  the  abflenee  or  presence  of  fever  during  the  form 
of  the  exudate;   the  amount  of  potassium  is  high  in  the  acute  cases  sad 

be  chronic  ones.  According  to  Ca\  azzani.*  who  has  especially  studied 
the  cerebrospinal  fluid*,  the  alkalinity  of  these  fluids  is  considerably  less 
than  the  blood  and  independent  of  this  last  fluid.  For  this  and  several 
Other   reasons  C.vvazzavi  draws    the  conch,  at    the    cerebrospinal 

11 1  iid  a  fi  i  tory  process. 

Aqueous  Humor.      This  fluid  is  clear,  alkaline  towards  litmus,  and  has 
a  specific  gravity  of  1.003-1.009.    The  amount  of  solids  erage 

13  p.  m.  and  the  amount  of  proteids  only  O.S-1.2  p.  m.    The  con- 

sists of  scrulburnin  and  globulin   and   very   little  fibft  V -cording  to 

NHAOKN  it  contains  fxtraltirttr  acid,  another  dextrogyrate  substance, 
and  a   ralucing  bod;/  which  is  not   similar  to  dextrose  or  dextrin.      Pi 
found  urea  and  sugar  in  the  aqueous  humor  of  oxen. 

Blister-fluid.    The  content  of  blisters  caused  by  burns,  and  of  \  ■  ■ 

blisters  and   the  Mister.-  of  'hi    ,>'Viphigus  dsranicu8,   is  generally   a  fluid 

in  solids  and  proteids  (40-65  p.m.).    This  is  especially  true  of  the 

it-  of  v.  blisters.     In  a  burn-blister  K.  Moknkr  ;  found  50.31 

p.  m.  proteids.  among  which  were  13.59  p.  m.  globulin  and  0.11  p.  m.  fibrin. 

The  fluid  contains  a  substance  which  reduces  copper  oxide  but    no  pyro- 

'  Halliburton 'l  Text-hook.  355-38] ;    Panzer,  Wien.  klin.  Wochensrhr  ,  1899;   Sad- 
i.  JafTe  Festschrift 

.    Soft  London,  Series  B,  191. 
1  Zcitschr.  f.  physiol.  cheni..  23.     .See  also  Ko*si,  ibid.,  39  (literature). 

■  IkowBki.  L    c.     New  quantitative  analyses  of  rcrehn spinal   and    hydro- 
'is  fluids  may  be  found  in  the  cited  works  of  Nawratzki.  Panzer  and  Salk>- 
'y's  Jahresber..  22.  340,  and  Centralbl.  f.  Pin-    .1.  1.',    J10. 
*  firurnhagpn.  Pfl&gor'l  Arch .,  43;    Pautz,  Zcitschr.  f.  Biologie,  31. 
\rch  f  Physiol.,  5. 
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catcehin.     The  fluid  of  the  pemphigus  is  alkaline  in  reaction.     A  wound 

secretion  collected  by  I.ikui.kin  '  under  as-  iitions  was  alkaline  in 

reaction  and   contained  less  pro;  the  blood-serum.     It  formed 

a  slight  fibrin  clot  and  only  contained  proteoses  at  first  or  at  the  beginning 

BH  formation.     As  the  wound  healed  lli«-  relationship  between 

the  globulin  >umin  changed,  and  on  the  third  day  of  the  healing 

1 1 it v  of  albumin  was  at  least  nine  tenths  of  the  total  prot 

The  fluid  of  subcutaneous  oedema.    This  is  as  a  rule,  very  poor  in 

solids,  purely  .serous,  does  not.  contain  fibrinogen  lo  gravity 

of  1.005    1.013.  nitity  o|  i  i-,  in  moat  cases  lower  than  10 

p.m., — according  to  Hoffmann  l-S  p.m.,— and  in  sertou  tis  of 

generally  with  amyloid  degeneration,  less  than  1  p.  en.  bae 

I  mans  :).    The  cedematous  fluid  also  habitually  oontalni 
1-2  p.  m..  and  also  tUQtt 

Tli.  r  the  tapeworm  I  luted  to  the  transudates  and  poor  in 

protei'l.-.     It  i  d  baa  a  specific  gravity  of  1.005-1.015.    The 

is  14-20  p.  m.    The  chemical  oonstituentc  are  sugar  (2.5  p.  m.), 

racee  of  urta,  creatine,  mu  id,  and  salta  (S .:;  'i  7  p,  in..i.     I'; 

■reoii  *,  and  then  only  after  an  inflammatory  irritation,    lathe 

;  case  7  p.  m.  proteida  I  ave  I  uid. 

The  Synovial  Fluid  and  Fluid  in  Synovial  Cavities  around  Joints,  etc. 

"The  synovia  is  hardly  a  transudate,  but  it  is  often  treated  as  an  app> 

to  ti 

The  synovia  is  an  alkaline,  tticky,  fibrous,  yellowish  fluid  whirl 
dy,  from  the  prea  ell-nuclei  and  remaizu  oi  destroyed  cell 

it  and  salt:-,  a  sul.- 
«stan<  properties.     The  nature  of  this  Q 

Hike  i  of  physiological  synovial  flui  le  baa  not  been  d( 

:  has  found  a  muoin-like  substance  in  pathologies! 
^Jfinid,  but  it  mucin.     It  arts  like  a  nueleoalhutnin  or  a  nil 

jiroteid.  and  >i'lded  no  reducing  substance  when  boiled  with  aeid.  ,«.u.- 
-xowj-ki  '  also  found  a  mucin-likc  substance  in  a  pathological  synovial 
iluid,  which  was  neither  mucin  nor  nucleoalhumin.  He  called  the  sub- 
■vtance  "*]/'• 

The   <'"  tnt,  but  varies  in  rati  and  in 

In  the  last-mentioned  case  the  quantity  of  fluid  Ls  less,  b«i 
^amount  of  the  muundike  body,  proteids,  and  oi   i:h    .    i:; nve  bodies  is 
quantity  of  salts  is  diminished.    This  may  be  seen  from 
the.!.  analyses  by  Frerichs.4    The  figures  represent  parts  per 


1  UttbiliUitioriMchrift  Prag.,  1902.     Print**!  by  II.  Laujip,  Tul.in 

II 
Italy's  Jabrenh'M  .  IS;    S  ilkowski,  Vircbow's  Arch.,  III. 
1  Wagner's  Ihuidnorterhuch,  3,  Abtb  I,  463. 
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ma  via  from        II.  Synovia  from 

a  Sl»ll  If. I  ( >x.  ft  Kieli  1  l~i  Ox. 

W.«f.r 909.9  W8.fi 

Bolldi 30.1  51.5 

Mni-in-liki-  bod]                                2.4  5.6 

Albumin  and  extractives 1 .".  7  35 . 1 

Fat                                                                        0.6  0.7 

...      11.2  9.9 

The  synovia  of  new-born  babes  correspond-  to  that  of  resting  animals. 
iluiil  of  the  bursre  mucosa;,  as  also  the  fluid  in  the  synovial  rarities 
around  joints,  etc.,  is  similar  to  synovia  from  a  qualitative  standpoint. 

III.    Pus. 

Pus  is  a  yellowish-gray  or  yellowish-green,  ereamy  mass  of  a  faint  odor 

i    i : .savory,  sweetish  taste.     It  consists  of  a  fluid,  the  pus-serum,  in 

which  BoKd  particles,  the  pus-cells,  swim.     The  number  of  lis  varies 

nsidorably  that  the  pus  may  atone  time  lie  thin  and  at  another  time 

bat  ll  Bt  ontains  a  drop  of  serum.     The  specific  gravity, 

fore,  may  also  greatly  vary,  namely,  between   L.0S0  and  1.040,  but 

ordinarily  it  is  1.031- 1.033.     The  reaction  of  fresh  pus  Ls  generally  alkaline, 

but  it  may  become  nflatnd  or  acid  from  a  decomposition  in  which  fatty 

acids,  glvierophosphoric  acid,  and  also  lactic  acid  are  formed.     It  may 

Income  strongly  alkaline  when  putrefaction  occurs  with  the  formation  of 

ammonia. 

In  the  chemical  investigation  of  pus,  the  pus-serum  and  the  pus-corpus- 

nu.st  be  studied  separately. 
Pus-serum.  Pus  does  not  coagulate  spontaneously  nor  after  the  addi- 
tion  of  defibrinated  blood.  The  fluid  in  which  the  pus-corpuscles  are  sus- 
pended is  not  to  be  compared  with  the  blood-plasma,  but  rather  with  the 
serum.  The  pus-serum  is  pale  yellow,  yellowish-green,  or  Immnish-yellow, 
and  has  an  alkalin.  o  towards  litmus.     It  contains,  for  the  most  part, 

the  same  constituents  as  the  blood-serum;  but  sometimes  besides  these — 
for  Enetaoea,  the  pus  has  remained  in  the  body  for  a  long  time — it 
contains  a  nuclcoalbuium  or  a  nucleoproteid  which  is  precipitated  by  acetic 
arid  and  soluble  with  great  difficulty  in  an  excess  of  the  acid  (pyin  of  the 
older  ins  nueleoalbumin  seems  to  be  formed  from  the  hyaline 

substance  of  the  pus-cells  by  maceration.     The  pus-serum  contains,  more- 
at  least  in  many  cases,  no  fibrin  ferment.     According  to  the  analyses 
of  Hhtk-Skyler  '  the  pus-serum  contains  in  1000  parts: 

T  It 

913.7  905.65 

Soltti.. .                                               863  94  35 

■  i                                              03.23  77  21 

1.50  0  N 

0.26  0  -*l 

Choimtrrili 0.Q  0.87 

Alcohol  *xti»ctir«L 152  073 

UaCrr  rorartiva*. 1153  6.92 

Inorganic  Mlta 7  73 

1  Mat-chcm.  Uotanuck,  490. 
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The  ash  of  pus-serum  has  the  following  composition,  calculated  to  1000  parts 
of  the  serum: 

I.  II. 

Nad 5.22  5.39 

Na^O. 0.40  0.31 

Na^IPO, 0.98  0.46 

Na,CCv 0.49  1.13 

Ca,(P04)^ 0.49  0.31 

Mfc(P04V 0.19  0.12 

PO«  (in  excess) 0.05 

The  pus-corpuscles  are  generally  thought  to  consist  in  great  part  of 
emigrated  white  blood-corpuscles,  and  their  chemical  properties  have 
therefore  been  given  in  discussing  these.  We  consider  the  molecular  gran- 
ules, fat-globules,  and  red  blood-corpuscles  rather  as  casual  form-elements. 
The  pus-cells  may  be  separated  from  the  serum  by  centrifugal  force,  or 
by  decantation  directly  or  after  dilution  with  a  solution  of  sodium  sulphate 
in  water  (1  vol.  saturated  sodium-sulphate  solution  and  9  vols,  water),  and 
then  washed  by  this  same  solution  in  the  same  manner  as  the  blood-cor- 
puscles. 

The  chief  constituents  of  the  pus-corpuscles  are  proteids  of  which 

the  largest  proportion  seems  to  be  a  nucleoproteid  which  is  insoluble  in 

water  and  which  expands  into  a  tough,  slimy  mass  when  treated  with  a  10 

Per  cent  common  salt  solution.     This  proteid  substance,  which  is  soluble  in 

alkali  but  is  quickly  changed  thereby,  is  called  Rovida's  hyaline  substance, 

and  the  property  of  the  pus  of  being  converted  into  a  slime-like  mass  by  a 

s°lution  of  common  salt  depends  on  this  substance.    Besides  this  substance 

tne  pus-cells  contain  also  a  globulin  which  coagulates  at  48-49°  C,  as  well 

88  serglobulin  (?),  seralbumin,  a  substance  similar  to  coagulated  proteid 

v-**irscher),  and  lastly  peptone  or  proteose  (Hofmeister  ')•     It  is  very 

reTT*arkable  that  no  nucleohiston  or  histon  has  been  detected  in  the  pus- 
oells. 

There  is  also  found  in  the  protoplasm  of  the  pus-cells,  besides  the  pro- 
"^ds,  lecithin,  cholesterin,  xanthine  bodies,  fat,  and  soaps.     Hoppe-Seyler  has 

0ll*id  cerebrin,  a  decomposition  product  of  a  protagon-like  substance,  in 
^^  (see  Chapter  XII).    Kossel  and  Freytag  2  have  isolated  from  pus  two 

^^stances,  pyosin  and  pyogenin,  which  belong  to  the  cerebrin  group  (see 
r'hapter  XII).    Hoppe-Seyler  s  claims  that  glycogen  appears  only  in  the 

,Vuig»  contractile  white  blood-cells  and  not  in  the  dead  pus-corpuscles. 
Several  other  investigators  have  nevertheless  found  glycogen  in  pus.  The 
^eU~nucleus  contains  nuclein  and  nucleoproteids. 

In  regard  to  the   occurrence  of  enzymes  in  the  pus-cells    it  must  he 

1  Miescher  in  Hoppe-Seyler 's  Med.-chem.  Unterauch.,  441;  Hofmeister,  Zeitschr.  f. 
Physiol.  Chem.,  4. 
■  Ibid.,  17,  452. 
•Hoppe-Seyler,  Physiol.  Chem.,  790. 
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remarked  that  neither  thrombin  nor  prothrombin  are  found  therein,  although 
these  bodies  are  generally  considered  as  being  derived  from  the  leucocyte 
and  can  also  be  obtained  from  the  thymus  leucocytes.  The  occurrence 
in  thfl  pun  callfl  also  of  a  proteolytic  enzyme  is  of  great  interest.  It  is 
not  only  important  for  the  intracellular  digestion  and  for  the  amount  of 
proteoses  in  the  pus-cell,  but  also  for  the  solution  of  the  fibrin  clot  and 
pneumonic  infiltrations  (F.  Muller.  U.  Simon  !). 

Thfl  mineral  constituents  of  tlu*  pus-corpuscles  are  potassium,  sodium, 
calcium,  magnesium,  end  iron.     A  part  of  the  alkalies  exists  as  chl< 
and  the  remainder,  as  well  as  the  chief  part  of  the  other  bases,  exists  as 

The  quantitative  composition   of  the  pus-cells  from  the  analyses 
Horr  l;  is  as  follows,  in  parts  per  1000  of  the  dried  substance: 

I.  II. 

Protaida 137.02) 

S42.57  -685.85         673.69 

[uaoluble  bodice 205.66) 

Lecithin J  ..,  n  75.64 

Fat f  I43'88  75.00 

Cfcol«t*rin 74.00  72  83 

OrH.m                         51.991  i<*>  fti 

Extractive  bodies. 44.33)  H».W 

MINERAL  tLVWT ASt'Ks   IN    1000  PASTS  OF  THE   DRIED   SUBSTANCE. 

NaCl  ...4.85 

Ca^POJ,. 2.05 

M*,(PO.),. 1.13 

FePO. 1.06 

9.16 

0  88 

K  rracw<?) 

IfjMCHn  bu  obtained  other  results  for  the  alkali  combinations,  namely, 
pota>  •odraxn  phosphate  BJ,  earthy  phosphate  and  iron  phos- 

phate -le  1.4,  and  phosphoric  acid  combined  with  organic  Bub- 

staiiees  8.14-2.03  p.  m. 

In  pus  from  congested  abscesses  which  have  stagnated  for  some  time- 
occurs  peptone  (proteose),  Ictirin,  and  tyrorin,  free  fatty  acids,  and  volatile 
fatty  acids,  such  as  formic  acid,  butyric  acid,  valerianic  acid.  There  are 
also  found  chnmlrin  (?)  ai  ,  urea,  dextrose  (in  diabetes),  bile- 

pigment*  and  bile-acids  (in  catarrhal  icterus). 

As  more  specific  but  nut  constant  constituents  of  the  pus  must  I 
tkmed  the  following:   J  ch  seems  to  be  a  nurleoproteid  precipi table 

by  acetic  acid,  and  also  pyinic  acid  and  cMlorrhodinic  acid,  which  have  been 
I  tie  studied  that  they  cannot  be  more  fully  treated  here. 

In  may  -Mses  a  blue,  more  rarely  a  green,  color  has  been  observed  in 
he  pus.    This  depends  on  the  presence  of  micro-organ  isms  (Bacillus  pyo- 

1  Ft  atODrr.  VrHuuwfl.  Nat.  Cawlhtli.  en  Bawl.  1901;  O.  Simon.  Deutach.  Arch. 
Mb.  Med.,* 
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ojantus).     From  such  pus  Fordos  and  LttCKE  '  have  Isolated  a  crystalline 
bhie  pign  n/anin,  and  a  yellow  pigment,  pyoxantJiose,  which  is  pro- 

duced from  the  first  by  oxidation. 

Appendix. 

LYMPHATIC   GLA1TDS,   SPLEEIf,  ETC. 

The  Lymphatic  Glands.  The  cells  of  the  lymphatic  glands  arc  found  to 
itain  the  protein  substances  occurrhig  generally  in  cells  (Chapter  V, 
jes  1  IS  and  1 10).  According  to  Ram;  7  they  also  contain  histon  nucleates 
{nudeohistnn) ,  but  in  smaller  amounts  and  of  a  different  variety  from  the 
better-studied  nucleohiston  from  the  thymus  eland.  Proteoses  occur  as 
etfl  of  an  autolysis.  By  a  lengthy  autolysis  of  lymph-glands  Reh  3 
fooad  ammonia,  tyiocdn,  leuoin  (somewhat  teas),  thymin,  and  uracil  among 
the  cleavage  pnn 1 1  >-r  ordinary  tissue  constituents,  such 

as  collagen,  reticulin.elastin.  and  nuclein,  thereoccurs  in  the  lymphatic  glands 
also  chotcstrrin,  Jal,  glycogen,  sar<  id,  xanthine  bodies,  and  Uut  in.     In 

tlie  inguinal  glands  of  an  old  woman  Oidtmaxx  found  714.32  p,  m.  water, 
284.5  p.  m.  organic  and   1.10  p.  m.  inorganic  substances.     In  the  eel 

osenteral  lymphatic  glands  of  oxen  Bam;  *  found  804.1  p.m.  water. 
1W.9  p.  m.  solids,  137.8  total  proteins,  6.7  p.  m.  histon  nucleate,  10.6 
p.  m.  nucleoproteid,  47.6  p.  m.  bodies  soluble  in  alcohol,  and  10.5  p.  in. 
niineral  constituent-*. 

The  Thymus.  The  cells  of  this  gland  are  very  rich  in  nuclein  hot  I 
wd  relatively  poor  in  the  ordinary  proteid.s.  but  their  nature  has  not  been 
dwely  studied  The  chief  interest  is  attached  to  the  nuclein  substances. 
Lilienfeld  first  prepared  from  the  watery  extract  of  the 
SWl,  by  precipitating  with  acetic  acid  and  then  further  purifying,  a  protein 
substance  which  has  been  generally  called  nuchohiaton.  By  the  action 
of  dilute  hydrochloric  arid  upon  nucleohiston  it  splits  according  to  these 
investigators   into   histon   and    leuconuelein.     The   leuconuclein    is   a    true 

it  is  a  nucleic  acid  compound  with  proteid  which  is  reiati 
poor  in  proteid  and  rich  in  phosphorus.    The  more  recent  investigations 
Mai.k\<;kkai     and    BuiSKAM?  '    Upon    nueleohiston   are   united 
that  this  nucleoproteid  is  not  a  unit  substance  but  a  mixture  of  at  least 


1  Fordos,  Compt.  rend.,  31  and  56;  Lucko,  Arch.  f.  klin.  Chirurg.,  3;   liolaii'i 
**1M.  f.  Bekt.  u.  Paraait.,  I.  86 

'Studier  over  Nucleoprotoider.     Krutiania,  1902. 
1  Hnfri.Muter'a  Beitnige,  3. 

'Lfflenfcld,  Zeitscbr.  f.  physiol.  Chem..  18;    Kosacl,  ibid.,  SO  and  31;    Bang,  ibid., 
SI  tad  SI.     See  also  Arch.  f.  Math,  og  Naturvidenskab.,  2o,  Kristiania,  1902,  and 
Botmeuter'a  Beitnige,  1  and  1:    M  .lengreau,  La  Cellule,  17  and  10;   Huiskamp,  Zeit- 
l.  mid  80. 


230 


CHYLE,  LYMPH,  TRANSUDATES  AND  EXUDATES. 


tuo  bodies.     The  views  of  the  mentioned  investigators  differ  quite  essen- 
tially from  one  another  as  to  the  nature  ol  these  bodies,  but  this  is  partly 

to  the    different    methods   used  by  them  and  partly  upon   the  ready 

reability  of  the  substances  in  question . 

the  real  nueleohiston,  B-nueleoalbumiu  of  Malknghlai  .  I.ili 
field's  histon  contains  a  second  nucleopToteid  whu  and  HmSEAW* 

call  simple  nucleoproteid,  while  Malengkkav  designates  it  A-nucleoalbumin. 
This  proteid,  which  ojily  contains  about  1   per  cent  pho:  and  whJd 

is  possibly   identical  wit li   the  nucleoproteid   found   by   T.iuf.nff.u>  in  tbe^- 
thymus  vie  Ids  n  nm -lein,  but  no  nucleic  acid  on  cleavage.    As  second  cleavagi^^ 
product  it  yields,  according  to  Malengreau,  the  A-hkton,  width  can 
tl  a  lily    precipitated    by    magnesium    and    ammonium    sulphate    fan) 
ordinary  B-histon  of  the  thymus  gland.     The  occurrence  of  A-histon 
the  gland  has  been  verified  by  Bang.    According  to  Bang  and  Huiskau 
the  nucleoproteid  does  not  yield  any  histon;    it  only  yields  an  albumin 
(Bam;). 

The  true  nueleohiston,  which  is  much  richer  in  phosphorus  (the  calcium — m 
salt  containing,  according  to  Bam;,  on  an  average  5.23  per  cent  P),  yH  \m\\\ 
ordinary  histon  as  a  cleavage  product,  according  to  the  unanimous  opiuMKMi 
of  the  above-mentioned  investigators.  According  to  Bang,  whose  statL__ie- 
ments  on  this  point  have  been  substantiated  by  Malengreau,  it  splaBsmte 

titrating  with  NaCl  into  nucleic  acid  and  histon  without  yielding  a" — =ny 
other  proteid.     On  this  account  Bang  does  not   consider  tliis  body  ■ 

nueleohiston  in  the  ordinary  B6DQB,  i.e.,  not  as  a  nucleoproteid,  but  »-  * 

histon  nucleate.    The  nueleohiston  behaves  like    an  acid,   whose  saiiVts, 
especially  the  calcium  salt,  has  been  closely  studied    by  Hiiskamp.    —- 0t 

the  electrolysis  of  a  solution  of  nueleohiston  alkali   in  water   IIuiska w? 

ind  also  that  the  nueleohiston  collected  as  traces  at  the  anode,  a^^acd 
it   the  sodium   compound  is   therefore   ionised    in   the  solution,     "^^Bltf 

nucleic  acid-histou  calcium  combination  has  been  prepared,  it  seems,  in 3  * 

pom  state  by  Bang,  and  he  found  the  following  average  cojnpaatw^000' 
C  -13.69;  115.60;  \  16.87;  8  0.47:  P  5.23;  Ca  1.71  per  cent.  When  — *** 
A-hb-ton  is  to  be  found,  if  it  is  not  contained,  as  Malkngkkau  beliew^"*^ 
in  the  nuclcoproteids,  must  be  further  investigated. 

The  nueleohiston  prepared  by  Huiskamp'b  method  by  precipitating  with  Cie 
•rdirig  to  him,  :i  mixture  of  two  nuneohistons,  of  «  <r-mj<  \' 

baton,  contains  4.6  percent  phosphorus  and  the  otner,  ,?-nucleohiston,  eontaJ**' 

OH    the  <«>ntrarv.  only  in  round  numbers,  3  per  cent  phosphorus.1     As  the    W 
nuclcohistons  are  poorer  in  phosphorus  than  the  nucleic  aoid«hiaton  c 
analy  no,  and  as  Huiskamp  on  cleavage  of  his  preparation  did  not, 

and  Mai.knoheau,  obtain  pure  nucleic  acid,  it  i.x  .still  a  question  whetA&T' 
vamp  was  working  with  sufficiently  pure  substances. 


1  Zcitsctir.  f.  physiol.  C'hem.,  39. 
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In  regard  to  the  methods  used  by  the  above  investigators  in  the  isola- 
tion of  the  bodies  in  question  we  must  refer  to  the  original  publications. 

In  connection  with  the  so-called  nucleohiston  attention  must  be  called  to  tissue 
fibrinogen  and  cell  fibrinogen,  which  are.  compound  proteids,  and  claimed  by  certain 
investigators  to  stand  in  close  relation  to  the  coagulation  of  the  blood.  These 
may  be  in  part  nucleoproteids  and  in  part  also  nucleohistons.  To  this  same  group 
belong  also  the  important  cell  constituents  described  by  Alex.  Schmidt  r  and 
called  cytoglobin  and  pr&globulin.  The  cytoglobulin,  which  is  soluble  in  water, 
may  be  considered  as  the  alkali  compound  of  prfiglobulin.  The  residue  of  the 
cells  left  after  complete  extraction  with  alcohol,  water,  and  salt  solution  has  been 
called  cytin  by  Alex.  Schmidt. 

Besides  the  above-mentioned  and  the  ordinary  bodies  belonging  to  the 
connective-tissue  group,  small  quantities  of  fat,  leucin,  succinic  acid,  lactic 
odd,  sugar,  and  traces  of  iodothyrin  are  present.  According  to  Gautier  a 
arsenic  also  occurs  in  very  small  amounts,  and  no  doubt  here  as  well  as  in 
other  organs  it  is  related  to  the  nuclein  substances.  The  richness  in  nuclein 
bodies  explains  the  occurrence  of  large  quantities  of  purin  bases,  chiefly 
adenine,  whose  quantity,  according  to  Kossel  and  Schindler,8  is  1.79  p.  m. 
in  the  fresh  organ  and  19.19  p.  m.  in  the  dry  substance.  The  bodies  thymin 
and  uracil  (?)  obtained,  besides  lysin  and  ammonia  by  Kutscher,  as  prod- 
nets  of  autodigestion  of  the  gland,  probably  have  a  similar  origin,  although 
the  uracil  has  its  origin  from  histidin.  Lilienfeld  *  has  found  inosite  and 
prctagon  in  the  cells  of  the  thymus.  The  quantitative  composition  of  the 
lymphocytes  of  the  thymus  of  a  calf  is,  according  to  Lilienfeld 's  analysis, 
*s  follows.    The  results  are  given  in  1000  parts  of  the  dried  substance. 

Proteids 17.6 

Leuconuclein 687 . 9 

Histon 86.7 

Lecithin 75 . 1 

Fat 40.2 

Cholesterin 44.0 

Glycogen 8.0 

The  dried  substance  of  the  leucocytes  amounted  to  an  average  of  114.9 
P«  m.  Potassium  and  phosphoric  acid  are  prominent  mineral  constituents. 
-Lilienfeld  found  KH,P04  amongst  the  bodies  soluble  in  alcohol. 

Attention  must  be  called  to  the  analyses  of  Bano,6  which  show  that  the 
thymus  contains  about  the  same  quantity  of  nucleoproteid,  but  about  five 
times  as  much  histon  nucleate  as  the  lymphatic  glands — calculated  in  both 
ca*es  upon  the  same  amount  of  dry  substance.    Oidtmann  8  found  807.06 

1  See  foot-note  5,  page  118. 

'Compt.  rend.,  129. 

1  Zeitschr.  f.  physiol.  Chem.,  13. 

*  Kutscher,  ibid.,  34;  Lilienfeld,  ibid.,  18. 

•L.  c.  Arch.  f.  Math.,  etc. 

•Cited  from  v.  Gorup-Besanez,  Lehrb.  A  physiol.  Chem.,  4  Aofl.,  732. 
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p.  m.  water,  102.74  p.  m.  organic,  and  0.2  p.  m.  inorganic  substances  in  tho 
gland  of  a  child  two  weeks  nl.l. 

The  Spleen.  The  pulp  of  the  spleen  cannot  be  freed  from  blood.  The 
mass  which  is  Beparfcted  from  the  spleen  capsule  and  the  structural  tissue 

pleasure  and  which  ordinarily  serves  as  material  for  chemical  investiga- 
tion* is  therefore  a  mixture  of  blood  and  spleen  constituents.     For  tlxis 
reason  the  proteids  of  the  spleen  are  little  known.     As  characteristic  con- 
sents there  are  aSbwawnaiM  oontaining    iron,  and  especially  a  protein 
substnnce  which  doefl  not  coagulate  on  boiling,  and  which  is  p  «3<1 

I  \  acetic  acid  and  yields  an  a.sh  containing  much  phosphoric  acid  and  iron 
oxide.1 

The  pulp  of  the  spleen,  when  fresh,  has  an  alkaline  reaction,  but  quick: Iv 
tunis  acid,  due  partly  to  the  formation  of  free  parallactic  acid  and  parr  ly 
perhaps  to  gtycemphosphoric  acid.     Besides  these  two  acids   there  ha. 
been  found  in  the  spleen  also  volatile  fatty  acids,  as  formic,  acetic,  and  buty  xk 

le,  as  well  as  succinic  acid,  neutral  fuLs.cholcHtcrin,  traces  of  leucin,  inos  \U 
(in  ox-spleen),  scyllilc,  a  body  relate,  1  to  indite  (in  the  spleen  of  Plagioston*.*), 
glycogen  (in  dog-spleen),  uric  acid,  xanthine  bodies,  and  jecorin. 
htt  found  in  (he  spleen  a  aiucolhionic  acid.  Let,  an  acid  which  is  related.  U> 
. (ho ndroit in-sulphuric  acid  but  not  identical  therewith,  and  which  give*s» 
beautiful  violet  coloration  with  orcin  and  hydrochloric  acid. 

Among  the  enzymes  occurring  in  the  spleen  the  most,  important  is  "Che 
proteolytic  enzyme  first  detected  by  Hedin  and  Rowland,  and  also  occr  st- 
ring in  the  lymph-glands,  liver,  and  other  organs.  This  enzyme,  wHoKsW 
most  active  in  acid  solutions,  not  only  arts  autolytically  upon  the  prot^aUl 
of  the  spleen,  but  also  dissolves  fibrin.    According  to  the  more 

i lions   of    Hedin  3   the    spleen   always   contains    two    proteol> 
of  which  one  (Ueno-cr-protease)  acts  chiefly 
while  the  other   (lieno-^-protease)   is  only  active  in   acid  BQluti 
^-protease  goes  into  solution  on  extracting  the  spleen  with  '>._■  per 
acetic  acid,  while  the  a-protease  can  be  extracted  from  the  residue  by  a  5 
per  cent  NaCl  solution.     In  the  autolysis  of  the  spleen  Leathes  foum. 
'•oses,  lysin,  arginin.  liistidin,  leucin,    aminovalerianic    acid,    a> 
and  tryptophan  among  the  cleavage  products.     SCHYTHM  '  found. 
the  autolysis  of  a  leuctemic  spleen,  besides  leucin  and  tyrosin  relatively 
quantities  of  ammonia  and  lysin. 

Among  the  constituents  of  the  spleen  the  deposit  rich  in  iron,  wh 
consists  of  ferruginous  granules  or  conglomerate  masses  of  them  and  which  ST^ 


C€C\ 


1  CUed  m.ni  v  Gonip-ltasanez,  Lehrb.  d.  physiol.  Chem.,  4  Aufl.,  717. 
1  Ltveos,  Zoitschr.  f.  physiol.  Chem.,  37. 

irn.  of  Physiol,  30. 
•  Hedin  and  Rowland,  Zeitschr.  f.  physiol  Chem.,  32;   Leathes,  Journ.  of  PhynoLi 
18;  Schumm,  Hofnieister's  Beitrage,  S. 


THE  SPLEEN. 


283 


fmm  a  transformation  of  the  red  blood-corpuscles,  and  closely 
d  by  NABOB,  is  of  special  interest.  This  deposit  docs  not  occur  to 
the  same  extent  in  the  spleen  of  all  animals.  It  is  found  especially  abun- 
dant in  the  spleen  of  the  bona  NiSBE  '  on  analyzing  the  grains  (from  the 
spleen  of  a  horse)  obtained  s 10-630  p.  m.  organic  and  160-370  p.  m.  inor- 
ganic sulxjtanees.  These  last  consisted  of  586-728  p.  m.  Fe/>3,  205-388 
[',«  »v.  and  o7  ]).  CD.  earths.     The  organ'  '1  chiefly 

of  proteids  (660-800  p.  m.),  nuclein.  52  p.  in.  (maximum),  a  >lor- 

itter,  extractive  bodies,  fat,  cholcstcrin.  and  lecithin. 
In  regard  to  the  mineral  tonttihtents  it  is  to  U»  observed  amount 

ofwxlium  and  phof]  b  >rio  Mid  n  smaller  thu  ihat  of  potassium  and  chlo- 
rine. The  amount  of  iron  in  new-bom  and  young  animals  is  small  (I.a- 
HcqrK,  Km  ';kk,  and  in  adults  more  appreciable,  and  in  old  ani- 

nuls  sometimes  very  considerable.     Xasse  found  nearly  50  p.  m.  iron  in  the 
dried  pulp  of  the  spleen  of  an  old  horse.    Guillemonat  and  Lafioqub* 
have  determined   the  iron  in   man.     They  find   no  regular  increase 
growth,  but  in  most  cases  0.17-0.39  p.  m.  (after  subtracting  the  blood  iron) 
r&lculated  on  the  fresh  substance.     A  n  b -l>     '     tin!        tron  is 

tK  dependent  upon  old  age.  but  is  a  residue  from  chronic  diseases. 

The  quantitative  analyses  of  the  human  spleen  by  Uidtmanx  3  give  the 

folio-winy;  results:   In  men  he  found  '  .  untcr  and  2.r>0-.W)  p.  m. 

solids.     In  that  of  a  woman  he  found  774. S  p.  m.  water  and  22o.2  p.  m. 

uantity  of  inorganic  bodies  was  in  men  4.9-7.4  p.  m.,  and  in 

*omen  9.5  p.  m. 

In  regard  to  the  pathological  processes  going  on  in  the  spleen  we  must 
specially  recall  the  abundant  re-formation  of  leucocytes  in  leucaemia  and 
the  appearance  of  amyloid  ige  54). 

Tlie  i  fund  inns  of  the  spleen  are  little  known,  with  the 

exception  of  its  importance  in  the  formation  of  leucocytes.  Some  consider 
the  spleen  as  an  organ  for  the  dissolution  of  tin-  red  btood-CorpwwlM|  and 
tbo  occurrence  of  the  above-mentioned  deposit  rich  in  iron  seems  to  con- 
firm' leen  ha^  also  been  claimed  to  play  a  certain  part  in 
digestion.  This  organ  is  said  by  Schikk.  Hekzkn.  Gachkt  and  Paction 
to  lie  of  importance  in  the  pn  of  trypsin  in  the  pancreas.  The 
investigations  of  II  onfirm  this  relation,  although  it  h-  .-till 
e  an  opinion  on  the  intricate  cpiestion  (see  also  Hkiokniiain, 

'Jluly's  Jahreetber.,  19.  : 

80;    Lapieque  and  Ciuillpmnnftt.  Oompt  rend.  '!••  Boo.  bW.j  48. 

•od  Arrh    ,i,-  Pi  .  -r  and  lVrnou,  Zoitachr.  f.  Biologi  .M»f 

*>UdfMTii  I'  !  Cbem.,  7i'0. 

C.onip-Ik«rtnPZ,  I.ehrhurh,  4  Aiifl  .  710, 

SOS,  and  Maly's  J.ihrtwhfr  , 
■rbet  and  Pachon,  Arch  dc  Physiol.  (6),  1U;  ileidenbain  in  Herrmann's  llandb. 
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An  increase  in  the  quantity  of  ur  .minated  ha-;  bsBTVBd 

by  many  investigators  (sec  Chapter  XV)  in  lineal  leucaemia,  vhile  the 
reverse  has  been  observed  under  the  influence  of  quinine  in  large  doses, 
which  produces  an  enlargement  of  the  spleen.     Th  e  a  rather 

positive  ]>r  ">f  that  there  is  a  close  relationship  be1  n  and 

the  formation  of  uric  acid.     This  relationship  baa  been  Studied  by  H< 
OWSU.     He  has  shown  that  when  the  spleen-pulp  and  blood  of  calves 
are  allowed  to  act  on  each  other,  under  certain  conditions  Bud  temperature 
in  the  presence  of  air,  large  quantities  of  uric  aci-i  an  formed.     I 
other  coiulitions  he  obtained   from   the  spleen-pulp  only  xanthine  lwdies 
with  very  liule  or  no  uric  acid.      EEOBB402BWBK]  '  has  also  shown  th 
uric  arid  originates  from  the  nucleins  of  til  .  which  yield  uric  acid 

and  xanthine  bodies  sooordtOg  to  the  experimental  conditions.  A  connec- 
tion between  the  spleen  and  uric-acid  formation  is  a  priori  t- 
on  account  of  the  large  quantities  of  unfile  D  contained  in  this  organ;  but 
that,  the  spleen  has  a  special  relation  bo  the  uric-acid  fannatioo  as  coo- 
pared  to  Other  organs  rich  in  nuclein  has  not  been  proven,  nor  is  it  prob- 
Bble  (see  Chapter  XV). 

Bpleen  has  the  same  property  BS  the  liver  of  retaining  foreign  hmlieSi 
metals  and  metal  I ' 

The  Thyroid  Gland.  The  nature  of  the  different  protein  substances 
occurring  in  the  thyroid  gland  has  not  been  sufficiently  studied,  but  at. 
present,  through  thfl  researches  of  Oswald,  there  are  known  at  least  t*o 
bodies  which  an-  constituents  of  the  so-called  secretion  of  the  glands.  One* 
Of  these,   iodoli  chaves  like  a  globulin,  while  the  other  is  ^ 

DUOleoproteid    (see    also    Gourlay  a).     The    iodine    present    in    the   glaoci 
occurs  chiefly  in  the  first  body,  while  the  arsenic,  which  has  been  shown  tobt^ 
a  normal  constituent  by  Gautiik  and  BbrtbaND,1  seems  to  be  related  to» 
the  nurlein  substances. 

According   to  Oswald   the   iodothyreoglubulin   only   occurs   in    thoge 
glands  which  BO&tain  OoQoid,  while  the  colloid  free  glands,  the  parenchyma- 
tous goitre,  and   the  glands  of  the  new-born  contain   thyreoglobulin  free 
from  iodine.    The  thyreoglobulin  first  becomes  iodized   into  iodoth^ 
globulin  on  passing  from  the  follicle  cells.     Besides  these  mentioned  i 

-,,  xanthine,  hypo  todoth&rtn,  untie  an d  tie  acid*  occur 

in  the  thyreoidea.   OtvnUJm  *  found  in  the  thyroid  gland  of  an  old  woman 


d.  Physiol.  5,  AbsondcninRsvorRiinRO,  206;    Ewald,  Vorhamtl.  d.  phyaiol.  0«dUeh. 

in  Berth)  1878.    See  also  Chapter  IX. 

1  Monatsheft*  f  Chem.,  10,  and  Wien.  Sitsungsbor.  Math.  Nat.  KIasht.  100 

irluy.  Journ.  or  Physiol.,  16;    Oswald,  Zeitschr.  f.  physiol.  Chem.,  52, 
Biochem.  Ccntralbl.,  1.  3 

.utier,  Compt.  rend.,  129.     See  aim  ibid.,  130,  131,  134,  135;    Bertram!,  d 
124,  10k\ 

*  L.  c,  732. 
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:>.  m.  water,  170.6  p.  m.  organic  and  0.9  p.  in.  inorganic  subsU: 
H*  found  772.1  p.  in.  -3.5  p.  m.  organic  and  4.4  p.  in.  inorganic 

mbstances  in  an  infant  two  weeks  old. 

In  "sthuma  ctstica  "  Hoppe-Seyi.er  found  hardly  any  prote.d  in  the  smaller 
fUnduIar  vewte,  but  an  excess  of  mucin,  while  in  ihe  larger  he  found  a  great 
«*1  i>:  0  p.  ID.1    4      Us.enn  is  regularly  found  in  such  cysts,  some- 

line*  in  such  large  quantities  that  the  entire  0OQte&ti  form  a  thick  mass  of  cho- 
taterin  plates.  Crystals  of  calcium  oxalate  also  occur  frequently.  The  contents 
of  the  struma  cysts  are  of  a  brown    i  'orrq>osed  colorin^- 

m»tter,  mtlhctinoglobin  (and  hu-matin?).  Bile-coloring  matters  have  ■bo  been 
lounrf  I  regard  to  the  paralbumins  and  G  been 

found  in  struma  cysts  and  colloid  degeneration.  r  Xlll.) 

Those  substances  which  bear  a  close  relationship  to  the  functions  of 
the  gland  seem  to  be  oi 

The  i  extirpation,  as  also  the  path-  destruction,  of  the 

i  causes  great  disturbanr  ••s.  ending  finally  in  death.  In  dogs, 
after  the  total  extirpation,  a  disturbance  of  the  nervous  and  muscular  sys- 
tems occurs,  such  as  trembling  and  convulsions,  and  death  ^-nerally  super- 
vows  shortly  afnr,  most  often  during  such  an  attack.'  In  human  beings 
diflVr  rbances  appear,  such  as  n.  i  uiplom.s,  diminished  intel- 

%«)<  s  of  the  skin,  falln  A  the  hair,  and,  on  the  whole,  those 

symptoms  wliich  an    included  Under  the  name  cachexia  thyreopriva,  and 
death  follows  gradually.     Among  these  symptoms  must  be  mentioned  the 
ion  and  exuberance  of  the  connective  tissue  calif  i 
niyxowlema.     It  hi  roved  that  the  destructive  action  of  the  removal 

thyroid  can  be  counteracted  by  the  artificial  introduction  of  extracts 
i  gland  into  the  bodj  .  and  even  bj  feeding  with  the  n 
d  the  gla  the  other  hand,  it  hae  been  observed  on  administering 

»rge  quantities  of  gland  substance  that  threatening  symptoms  and 
bances  occur  in  man  as  in  animals.     From  a  physiologico- 

d*mi'  iKiint  the  abnormally  increased  destruction  of  body  proteid, 

occurring  on  continuous  feeding  with  thyroid   preparation  the 

greatest  importance. 

From  this  it  follows  that  the  glands  contain  specifically  active  substances. 

rnpossible  for  the  present  to  state  anything  about  the  importance  of 

'he  bases  found  by  certain  investigators,  such  as  S.  Frankkl.  Daft  iisel, 

•od  Kothkk;1  these  bodies  have   not  been  characterized  sufficiently.     It 

■am positively  proven  that  the  specifically  active  substance  is,  in  greater 


PhyaioL  Chem.,721 
'  Thp  divergent  statements  as  to  the  necessity  of  the  thyroid  gland  can  be  found  in 

IM. 
•Pttnlui,  VTfaa    med    Blatter.  1895  and  1896;  nrechscl  and  Kocher,  Centralbl. 
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part,  if  not  entirely,  as  first  shown  by  Notkin,1  a  protein  substance: 
Motrin's  ihynoftroleid,  Oswald's  thyreoglobulin.  This  does  not  con- 
Bt  the  views  of  Baumann  and  Roos  that  the  active  substance  is  iodo- 
thyrin,  as  this  is  produced  as  a  cleavage  product  from  the  iodothyreo- 
globulin. 

Iodothyrin  [fl  considered  by  Baumann,  who  first  showed  that  the  thyroid  con- 
it  h  Roos  2  showed  the  importance  of  thissul'  r  the 
phyaiologtaa]  activity  of  the  gland,  only  active  substance.  Iodothyrin  was 
obtained  l>y  IUpmanw  by  boiling  the  finely  divided  gland  with  dilute 
mm  as  an  unorphous.  brawn  sua  naarly  insdubk  m  water  bnl  read&V  aolubli 
in  idkuli  and  precipitated  again  by  the  addition  of  acid.  The  iodothyrin,, 
which  in  not  a  unit  body,  has  a  variable  content  of  iodine  and  is  not  a  protein 
substance. 

Thyreoglobulin  was  obtained  by  Oswald  from  the  watery  extract 
the  gland  by  half  saturating  with  ammonium  sulphate.     It  has  the  proj 
ties  of  the  globulins  and  with  the  exception  of  the  iodine  content    it 
about  the  imposition  as  the  proteids.    The  amount  of  iodine  varies: 

0.-16  per  cent  in  pigs,  O.Sfi  per  ••rut  in  oxen,  and  0.34  per  cent  in  man.     In 

Ig  animals,  whose  glands  contain  no  iodine,  the  thyreoglobulin  is 
iodine-free.  Thyreoglobulin  on  taking  tip  iodine  is  converted  into  iodo- 
thyreoglobulin.  By  introducing  iodine  salts  the  iodine  content  of  the 
iodothyra^lobulin  ran  be  raised  in  living  animals  and  thereby  also  the 
physiological  activity  increased  (OSWALD).  The  amount  of  iodine  in 
gland  is  markedly  dependent  upon  the  food. 

\. ■■■•"■ding  to  Oswald    iodothyrcoglobulin,  as  a  physiological 
upon    the    nervous   system,   has   a   r  -    action    upon    metal 

Tin-  exclusion  of  this  action,  after  destruction  or  exi  of  the  glai 

lis,  according   to  Oswald,  the  injurious  results   produced   by  these 
changes  upon  the  gland.     According  to  Blum  the  thyroid  gland 
from  the  blood  a  poisonous  body,  the  thyreotoxalhumin,  and  makes  it  non- 
injury iking  up  i"dinc.     We  cannot  enter  further  into  this  and  otner 
related  qu 

The  Suprarenal  Capsule.     Besides  proteids,  substances  of  the  connective 
tissue,  and  salts,  there  occur  in  the  suprarenal  capsule  inositc.  purin  bases,  espe- 


'  Wien.  mod    Wochcnsehr..  1895,  and  Vircbow's  Airh  .111.  Suppl.,  224. 

*  In  regard  to  thb  subject,  see  Baumann  and  Floes,  Zeitschr  f.  physiol.  Chem  .  1 
mad  22:  also  Baumann.  Munch,  med.  Woobcnschr. .  1896;  Baumann  and  Ckddmann, 
ibid.;  Roos.  ibid.  An  extensive  review  of  the  literature  on  the  action  of  iodothyrin 
and  the  thyroid  preparations  can  be  found  in  Roos,  Zeitschr.  f.  phyaioL  Cham,,  22,  18. 
In  regard  to  their  action  in  proteid  destruction  and  metabolism  see  F.  Voit,  Zeitschr. 
f.  Biologic.  &*;  ^hondorff,  Ptl  tiger's  Arch.,  67,  and  Anderson  and  Bergman,  Sknnd. 
Arch.  (.  TOtysiol .  S.  A  summary  of  the  thyroid  literature  for  the  last  years  is  found  in 
Italy's  Jafarestxr  ,  81  and  25  See  also  the  works  of  Blum  and  Oswald,  cited  by  Oswald 
la  Bkxbcm  Ceotralbl,  1.  249. 
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cjJly  xanthine  (Oker-Blom '),  relatively  considerable  lecithin  and  neurin, 

*ad  glyccrophosphork  acid,  which  are  probably  decomposition  products 

of  the  lecithin.      The   older  statement  on   the  occurrence  of    benzoic 

acid.,  hippunr  acid,  ami  bUo-acida  an-,  on  the  contrary,  doubtful  and  arc 

not  substantiated  by  recent  investir  stadelmann).     In  the  medulla 

older  investigators,  like  Yulpian  and  Arnold,  found  a  chromo;/' n  which 

wu  considered  to  be  connected  with  the  abnormal  pigmentation  of  the 

n  Addison's  disease.     This  chromogen  which  is  transformed  by  air, 

light,  alk:'  me.  and  other  bodies  into  a  red  pigment,  seems,  on  the 

:try.  to  be  related  to  the  substance  of  the  gland  producing  an  increase 

bl'WMl-pressure. 

Adrenalin  (suprarenin,  epinephrin).  That  the  watery  extract  of  the 
suprarenal  capsule  has  a  blood-pressure-raising  action  was  shown  by  Oliver 
Hid  Schakf.k,  Cyhulski  and  Szymonowicz.3  The  substance  which  Is  here 
active  was  formerly  tailed  sphygmogenin,  but  has  recently  been  invi 
gated  by  several  experiment-  rs.  mp&COtSfy  v.  Fi  rth,  Abel,  Takamine. 
Aldrich,'  and  is  now  called  suprarenin  (v.  Firth),  epinephrin  (Ahkl), 
adrenalin   (Takamine).     Adrenalin  is  soluble  in  water,  pr*  by 

ammonia  as  a  crystalline  body,  and  on  account  of  its  changeabili 
investigations  have  been  made  with   difficulty.      According  to  v.  Fi 
Aldrich's  formula,  C„IIuXOj.  is  correct.      It  is  a  cyclic  compound  wl 
according  t-  •  7.  contains  three  hydroxy!  groups . 

group  and  for  which  be  n  the  fonnula  [<<  n3)\<  *.r 1 1  v<  iHMC^COH), 

as  correct.     Adrenalin  yields  pyrrol  and  skatol  and  gives  protocatechuic 

li  alkali. 

Adrenalin  gives  an  emerald-green  reaction  with  ferric  chloride  in  acid 
a  and  a  crimson  one  in  alkaline  solution.  It  reduces  lehling's  solu- 
tion and  an  ammoniacal  silver  solution.  thrill  (Abel)  is  precipitated 
i  alkaloid  reagents  and  gives  color  reactions  with  Mand<  lin  -  alka- 
Wd  reagent  and  with  permanganate  and  sulphuric  acid.  On  this  point  the 
traditions  are  not  quite  clear.  According  to  Ahkl,  who  gLvai  the  fimnula 
(*HnXOs  to  his  epinephrin,  the  crystalline  BUbstanoe  'YJIijN*  >.,  +  {>  H,0 
(epinephrin  hydrate)  precipitated  by  ammonia,  which  corresponds  to  the 
•dreaalin  of  the  other  investigators,  does  not  have  the  alkaloid  properties 


'  Oker-BJom,  Zeitachr.  f.   pbysiol.  Chem.,  28;    Stadclmann,  ibid.,  18,  which  also 
•■tfahw  the  literature  on  this  subject. 

r  and  Schafcr,  Proceed,  of  Physiol.  Soc.  London,  189.5.  Further  literature' 
<n  the  function  of  the  suprarenal  capsule  may  be  found  in  Szvmonowicx,  Pfliiger'a 
***.,  84. 

1  The  literature  here  necessary  may  be  found  in  v.  Furth,  Zeitecbr.  f.  pbysiol.  Chem., 

°.  ».  29,  and  Winn.  .Sitzunpber.  Math.  Nat.  KL,  112.  1903.     See  also  Abel,  Zcitschr. 

Amcr.  Journ  of  Physiol.,  1S99,  and  The  Johns  Hopkins  Hospi- 

«*l  Bull.,  No.  76  (1897),  90  and  91  (1898),  120  and  128  (1901),  131  and  132  (1902); 

*W  d.  <L  chem.  Geaellaeh.,  96. 
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of  epinephrin,  but  the  compound  obtains  them  by  the  action  of  mineral  acid^. 
and  is  then  converted  into  epinephrin.  Further  investigation  is  necessary- 
before  this  can  be  explained. 

The  glycosuria  first  observed  by  Blum  after  the  injection  of  the  extrae-fc. 
of  the  suprarenal  capsule  is  due  to  an  action  of  the  adrenalin,  and  it  is  hardly 
possible  that  the  diastatic  enzyme  found  in  the  suprarenal  capsule  by  Cro y- 
tan  *  takes  any  part  in  this  change. 

1  Blum,  Pfliiger's  Arch.,  90;  Croftan,  ibid.,  90. 
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The  liver,  which  is  the  largest  gland  of  the  body,  stands  in  close  rela- 
tionship to  the  blood-forming  glands.     The  importance  of  this  organ  for 
lhe  physiological  composition  of  the  blood  is  evident  from  tin-  fact  that  the 
blood  coming  from  the  digestive  tract,  laden  with  absorbed  bodies,  must 
'irciilate  through  the  liver  before  it  is  driven  In    the  heart  rim  nigh  the 
different  organs  and  tissues.     It  has  been  proved,  at  least  for  the  carbo- 
hydrates, that  an  assimilation  of  the  absorbed  nutritive  .substances  which  are 
brought  to  the  live?  by  the  blood  of  the  portal  vein  takes  piaea  fn  this  organ. 
*nd  there  Is  no  doubt  that  synthetical  processes  ejBO  OOenr.     The  <wcurrence 
of  ical  processes  in  the  liver  has  been  positively  proved  by  special 

.  ntiuns.  It  Is  possible  that  in  the  liver  certain  ammonia  combinations 
^■*e  converted  into  area  or  uric  acid  (in  birds)  (see  Chapter  XV),  while  certain 
r*roduct8  of  putrefaction  in  the  intestine,  such  as  phenols,  may  be  con- 
certed by  synthesis  into  ethereal  sulphuric  acids  by  the  liver  (PflOgbb  and 
tCocSB,  Eitbdrn  and  Glaj  bnbr),  probably  also  converted  into  conju- 
I5atcti  glucuronic  acids  (ElfSDSM  ').  The  liver  has  also  the  property  of 
**«moving  and  retaining  heterogeneous  bodies  from  the  blood,  and  tin 
•    only  true  of  meralli  oved  by  this  organ,  but 

tkJeo,  as  Scoff,  Lautenbh  ELbans,  and  especially  Boon 

have  shown,  the  alkaloids  are  retained,  and  are  probably  also  partially 
*I«>composed  in  the  liver.      Toxins  are  also  withheld  by  the  liver,  and  hi 
this  organ  has  a  protective  action  against  poisons."    The  rosear  ■!■.<■ 

uchaki),  Roger  and  Mairet  and  Vires  '  has  shown  that  the  liver  itself 
may  have  a  poisonous  action. 

•n  though  the  liver  is  of  assimilatory  importance  and  purifies 
V»lood  coming  from  the  digestive  tract,  it  is  at  the  same  time  a  secretory 
organ  which  eliminates  a  specific  secretion,  the  bile,  in  the  production  of 

Hiiger  and  Kochs,  Ifliiecr's  Arch.,  20  and  24;    Einbden  and  Glaeasner,  llof- 
tneistcr's  Beitriigc,  1;   Embden,  ibid.,  2. 

jvt.  Action  du  foie  sur  les  poisons  (Paris,  1887),  which  also  contains  the  older 
literature;   Bouchard.  LeooOB,  »ur  los  autointoxications  dans  les  Maladies  (Paris.  I 
and  E.  Kotlinr  in  Arch   del  *  logique  do  St.  Pctersbourg,  2. 

•  See  Mairet  and  Vires.  Arch,  de  Physiol.  (5),  9. 
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1 1  the  red  blond-corpuscles  are  destroyed,  or  at  least  one  of  their  con- 
stituents, the  hemoglobin.     It  is  generally  admitted  that  the  liver  act 
contrariwise  during  fatal  life,  at  that  time  forming  the  red  blood-cor 
pusi 

There  is  no  doubt  that  the  chemical  operations  going  on  in  this  01 
arc  manifold  and  must  be  of  the  greatest  importance  for  the  organism; 
unfortunately  very  little  is  known  about  the  kind  and  extent  of  these  pro— 
i  i  KB.  Our  knowledge  on  this  subject  has  been  essentially  advanced  by 
the  raotttt  investigations  on  tin-  enzymes  «»f  the  liver,  as  well  as  by  th« 

lytic  processes  in  this  organ,1  but  even  here  it  must  be  admitted  thati- 
our  knowledge  of  the  character  and  extent  of  these  changes  is  small.     A 
the  products  of  these  chemical  processes  there  are  two  which  are  eepei 
im|Hirtant  and  must  be  treated  in  thifl  -  haptcr,  namely,  the  glycogen  anc 
the  bile.     Before  the  study  of  these  products  is  taken  lip  a  short 


sion  of  the  constituents  and  the  chemical  composition  liver  is  neces- 

sary. 

The  reaction  of  the  liver-cells  is  alkaline  towards  litmus  during  life 
but  becomes  acid  after  death,  due  to  a  formation  of  lactic  acid,  ehietl 
fermentation  lactic  acid  and  other  organic  acids   (Monism \i  \.    M 
I.kvy  J).     A  coagulation  of  the  protoplasmic  proteids  in  the  cells  pn 
takes  place.     A  positive  difference  between  the  proteids  of  the  dead 
the  Kvingj  r ion-coagulated  protoplasm  has  not  been  observed. 

protruls  of  the  liver  were  first  carefully  investigated  by  I 
found   in   the  watery   extract  of   the  liver  an  albuminous  substancr   whi 
coagulates    at    45°  C,   also    a    globulin    which    coagulates    at    75 
'Albumin   which   coagulates   at  70°  C,  and  lastly  a  proteid 
which  is  nearly  related  to  the  cowjululvd  albumins  ami  which  Is  insoluble 
dilute  acids  or  alkalies  at  the  ordinary  temperature,  but  dissolves  on  il 
application  of  heat,  being  convene.  I  into  an  albuminate.     Halliburton 
has  found    two  globulins  in  the  liver-cells,  one  of  which  coagulates  - 
6S-70°C.,  and  the  other  at  45-50°  C.     He  also  found,  besides  traces 
albumin,  a  nucleoproteid  which  possessed  1.45  per  cent  phosphorus  and 
coagulation- point  of  60°  C.    Besides   these  proteids,   the  liver  c 
tain  a  large  quantity  of  a  difficultly  soluble  protein  substance  (see  Pl6s 
It  also  contains,  as  first  shown  by  St.  Zalkski  and  then  substantiated 
several  other  investigators,  ferruginous  proteids  of  different  kinds.4 
chief  portion  of  the  protein  substances  in  the  liver  seems  to  consist  in  fa 

*8eo  especially  the  works  of  Jacoby,  Zeitechr.  f.  physiol.  Cheiu.,  30;  Conradi,  II 
meutcr'b  Beitrage,  1;   Muguus-Levy,  ibid.,  2. 

1  Morishima,  Arch.  f.  exp.  Path.  u.  Pharrn.,  43;  Magnus-Levy,  I.  c. 

1  P16«,  Pflugcr's  Arch.,  7;  Halliburton,  Journ.  of  Physiol.,  13,  SuppL,  1892. 

*Bk  Zaleaki,  Zeitechr.  f.  physiol.  Chem.,  10,  486;   Woltering,  ibid.,  21;    Spit»«-.r-> 
Pfl  tiger's  Arch.,  67. 
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of  ferruginous  nucleopr.t.i.i-.  On  boiling  the  liver  with  water,  such  a 
nucleoproteid  or  perhaps  several  are  split,  and  a  solution  is  obtained  contain- 
ing a  nucleic-aeid-rich  nuc-lcoproteid  or  a  mixture  of  these  which  are  pre- 
^ipit.'  rids.      I'lii-  protdd  Of  proteid  mixture  has  been  called  ferra- 

Jin   1  cdederg.1  and    this    yields  OS  splitting    with   acids,   brides 

nurlcun  bases,1  also  a  pentose  which  WoHLQBlfUl'S'  has  shown  to  be  1- xylose. 

ow  or  brown  pigment  of  th«-  liv.-r  h.is  bett  tttUfl  studied.     Dastuz 
and  Fumusco  *  differentiate  in  vcr  libra  tea  and  Dtsrtain  invertebrates  betv. 
ferruginous  pigment  soluble  in  water,  nmm,  sod  a  pigment  Bolllbll  in  I  I 

c  in  water,  crlobochromi     Tin--.    Save  noi   Isolated  these 
pun  condition,     in  eertain  im  chloropb >  1 1  •  niginuting 

from  the  food  also  occurs  in  the  liver. 

The  fat  of  the  liver  OCCUR  partly  as  very  small  globules  and  partly 

(especially  in  nursing  children  and  sticking  as  also  after  food  rich 

■>  .as  rather  laige  fat-drops.     The  OCeuxnOBQ  oi  B  fatty  infiltration,  i.e., 

00  offal  t"  the  liver,  may  not  milv  be  |  0  excess 

of  fat  in  the  food  (Nuel-Paton),  but  also  by  a  migration  fron  parts 

body  under  abnormal  conditions,  such  as  rioisoning  with  phosphi 

other  bodies  (Leo,  Rosenfelo,  and  others1).     If 
i  >  inr  of  fat  in  the  liver  is  increased  by  an  infiltration,  the 
rrespondingiy,  while  the  quantity  of  the  other  solids  ra 

Changes  of  such  a  kind  may  occur,  i  use  of  the 

d)  existing  between  glycogen  and  fat,  a  Bver  rich 

iu  fat  is  habitually  poor  in  glycogen.    The  i evens  occurs  after  feeding 

irate-rich  food,  namely,  the    liver  is  rich  in  glycogen  and 

'at. 

Tht  i  of  the  liver-fat  not  only  seems  to  vary  in  different 

animals.  with    changing  conditions.     Thus  tTOM 

t  in  man  and  several  animals  was  | 
anil  had  a  correspondingly  higher  melting-point   than  the  fit   from   the 
:t_aneous  connective  tissue,  while  Rosenfelo  °  has  observed  the 
with  mutton-fat. 


1  Arch-  i  b    u    I'harm.,  33;   see  also  Vay,  Z*»itsehr.  f.  phyajol.  Ch«m..  20. 

1  See  Boecari,  Arch,  italimnm  de  Bldogle,  88. 

' See  Salkownki.  Heri.  klin.  Wochpnachr. .  1896;    II.iinni.ir  rhr.  f    ph 

Chom  .  Ill  hal,  Zcitachr.  f.klin     M..-d..   34;   Wohlgemuth,   UcrL   klin.   Woch- 

cttschr.,  1000;   and  Zcitachr.  f.  physiol.  Chenx,  37. 
I*  Physiol.  05),  10. 

*  Nofl-Paton,  Journ.  of  Physiol.,  10;  Leo,  Zeitachr.  f.  physiol.  Chom.,  0;  Athan- 
uiu,  PA  tiger 'a  Arch..  74:  Taylor,  Journ.  of  Exp.  Med.,  4;  Kruus  u.  Somoicr,  Hofmcia- 
fcr'a  Beitrajrc,  2;  Rosenfeld,  Zeitachr.  f.  klin.  Med.,  30.  Sec  also  Roeenfcld,  Ergeb- 
ttme  der  Phyaiologie.  1,  Abt.  I. 

led  by  Lummcrt.  PflGger'a  Aiefa  .71.     In  regard  I©  the  liver-fat  of  children,  boo 
Thiemich.  Zcitachr.  f.  physiol.  Chera.,  20. 
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Lecithin  is  a  normal  00  .-'iiu-nt  of  the  liver,  and  amounts  to  about  23.5 

p.  m.  booq  -.r«n..'    in  starvation  the  teoitiiin,  Hooonting  to 

OS  the  greatest  part  of  the  ethereal  extract,  while  with 
it  it,  on  the  oontnuy,  forms,  the  nmnHrnt  pari.    ChoUstain 
n    in    small    quantities.     The   ethereal    extract   also   001 
protagon-like  body,  jecorin. 

Jecorin  Wei  fir.-l  found  by  Dkf.i-hski.  in  the  liver  of  horsex,  and  also  in  the 
liver  of  a  dolphin,  and  later  by  Balm  in  the  liver  and  spleen  of  other  anSm 

tlic  riiu-rlrs  ami  blood  Of  the  BGTN.  anil  in  the  human  brain.      It  contains  sul- 
phur and  phosphorus,  but   iu  constitution  ia  no  u  dis- 
[>ut  in  pnvipitated  from                                           i    It  reduces  copper 

oxide,  Ftea  boiling  with  alkalies  to  a  gelat 

has  detected  dextrose  as  osasonc  in  the  earbohydrate  complex  II 

Bay  lead  to  error*  in  the  investigations  of  organs  or  tissues,  for  it  can  easily  be 
ikon  for  lecithin  on  account   of  it-  solubilities  and 

■  H8. 

Th--  statement  by  Brig1  thai  jecorin  is  a  combination  of  lecithin  and  dextrose 
from  'he  analyses  of  jecorin  thus  far  known.     J-  -tains 

i  par  <eiit.aii.l  a l-u>  the  relation  of  P  \  in  lecithin  le 
1:1,  while  in  i  -  shoot    I     I. 

the  extractive  sidustances  besides  ghfcogcn,  which  will  be  treat 
lnt.T   rather  luge  quantities  of  the  xanthine  Itodies  occur.       K 
in  1000  parts  of  'he  dried  substance   1.97  p.  m.  guanine,  1.31  p.  BL  hypo- 

inthinr.  and  1.21  p.  m.  xanthin,.    A  1  in  the  liver.    Ii 

ldition   then  M  and  uric 

and  indoed  m  larger  qnam  ana  m  tb  c  add,  I 

and  eystin.     In  |  eases  ino&ite  and. turn  been  detected. 

Tlie  OOUURenee  Q  'oring-matters  in  the  liver-cell  under  normal  con- 

lUbtful;   but  in  retention  of  the  bile  the  cells  may  absorb  the 

Better  and  become  colored  ther 

mineral  bodies  of  the  liver  consist  of  phosphoric  acid,  potassium, 

sodium,  alkaline  earths,  and  chlorine.     The  potassium  is  in  e.v  tie 

sodium.     Iron  is  a   r  nstituent  of  the  liver,  but  it  occurs  in  very 

variable  amounts.     Bl  say.  has  fmind  0.01-0.353  p.  m.  iron  in  d- 

free  liver  of  young  cats  and  dogs.    This  was  calculated  on  the  liver  sub- 

•c  freshly  washed  with  a  1  per  cent  XaCl  solution.    Calculated  ofl  LO 

kilos   bodily  weight,  the  iron  in  the  Ever   amounted    to   3  4-80.1   mg. 

Rerent  determinations  of  the  quantity  i  in  the  liver  of  the  rabbit, 

dog.  hedgehog,  pig,  and  man  have  been  made  by  Gctllemoxat  and  I 

noojirK.    The  variation  was  gTcat  in  human  lyings.     In  men  the  quant  it  y  of 


---•  also  HWUe.  Arch  f  cap,  Pata.  u_  Pima,  * 
•D*m**4.  IW   A  „**«.  OwJbtk  <L  nVmmt.  IS».  44.  and  Zdt+ehr   f.  BW- 
«;  Baldi,  Dy  Boi*.Ucym«.J  .  Ant .  1S57.  2*qif<L.  100;  Mimt.  Zeitackr.  f. 
>*«a.. »:  Bine.  CtntimlM.  L  T%j*6L.  11.  and  SfeamL  An*,  f.  Fbrmiol  .  9 
'linnas.l  pe3rMLCk8aL.lL 
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iron  in  the  blood-free  liver  (blood-pigment  subtracted  in  the  calculation) 
was  regularly  more,  and  in  women  less,  than  0.20  p.  m.  (calculated  on  the 
fresh  moist  organ).  Above  0.5  p.  m.  is  considered. as  pathological.  Accord- 
ing to  Bielfeld,1  who  also  finds  a  greater  iron  content  in  men,  this  differ- 
ence appears  only  after  the  first  20-25  years.  At  this  age  (20-25  years) 
the  iron  content  is  smallest. 

The  quantity  of  iron  in  the  liver  can  be  increased  by  drugs  containing 
iron,  as  also  by  inorganic  iron  salts,  and  the  largest  deposition  of  iron  was 
observed  by  Novi  *  after  the  hypodermic  injection  of  iron.    The  quantity 
of  iron  may  also  be  increased  by  an  abundant  destruction  of  red  blood- 
corpuscles,  which  will  result  from  the  injection  of  dissolved  haemoglobin  in 
which  process  the  iron  combinations   derived  from  the  blood-pigments  in 
other  organs,  such  as  the  spleen  and  marrow,  also  seem  to  take  part.*    A 
destruction  of  blood-pigments,  with  a  splitting  off  of  combinations  rich 
in  iron,  seems  to  take  place  in  the  liver  in  the  formation  of  the   bile- 
pigments.    Even  in  invertebrates,  which  have  no  haemoglobin,  the  so- 
called  liver  is  rich  in  iron,  from  which  Dastre  and  Floresco  *  conclude 
that  the  quantity  of  iron  in  the  liver  of  invertebrates  is  entirely  inde- 
pendent of  the  decomposition  of  the  blood-pigment,  and  in  vertebrates 
*t  is  in  part  so.    According  to  these  authors  the  liver  has,  on  account  of 
toe  quantity  of  iron,  a  specially  important  oxidizing  function,  which  they 
eal]  the  "  fonction  martiale"  of  the  liver. 

The  richness  of  the  liver  of  new-born  animals  in  iron  is  of  special  inter- 
^t;  a  condition  which  follows  from  the  analyses  of  St.  Zaleski,  but  was 
specially  studied  by  Kruger,  Meyer,  and  Pernou.  In  oxen  and  cows 
they  found  0.246-0.276  p.  m.  iron  (calculated  on  the  dry  substance),  and  in 
tne  cow -foetus  about  ten  times  as  much.  The  liver-cells  of  a  calf  a  week 
°»d  contain  about  seven  times  as  much  iron  as  the  adult  animal;  the 
quantity  sinks  in  the  first  four  weeks  of  life,  when  it  reaches  about  the 
^rtie  amount  as  in  the  adult.  Lapicque6  has  also  found  that  in 
^obits  the  quantity  of  iron  in  the  liver  steadily  diminishes  from  the  eighth 
^y  to  three  months  after  birth,  namely,  from  10  to  0.4  p.  m.,  calculated 
oa  the  dry  substance.  "The  foetal  liver-cells  bring  an  abundance  of  iron 
J^to  the  world  to  be  used  up,  within  a  certain  time,  for  a  purpose  not  well 
^*own."  A  part  of  the  iron  exists  as  phosphate,  and  the  greater  part  in 
^>t*ibination  in  the  ferruginous  protein  bodies  (St.  Zaleski). 

1  Bunge,  Zeitschr.  f.  physiol.  Chem.,  17,  78;    Guillemonat  and  Lapicque,  Corapt 
J**d.  de  Soc.  bid.,  48,  and  Arch,  de  Physiol.  (5),  8;   Bielfeld,  Hofmeister's  Beitrage, 
»    see  also  Schmey,  Zeitschr.  f.  physiol.  Chem.,  89. 

*  See  Centralbl.  d.  Physiol.,  16,  393. 

•See  Lapicque,  Compt.  rend.,  124,  and  Schurig,  Arch.  f.  exp.  Path.  u.  Pharm  ,  41. 
•Arch,  de  Physiol.  (5),  10. 

•  St.  Zaleski,  1.  c. ;    Kruger  and  collaborators,  Zeitschr.  f.  Biologic,  27 ;  Lapicque, 
Daly's  Jahresber.,  20. 


a  '  has  determined  i  h«*  quantity  of  calcium  in  the  liver  of  adult 

;  in  calve*,  and  Hnds  respectively  0.71  p.  m.  Mid  1.28  p.  m.  of  tlie 

dried  substance.     Is  thfl  fo&tUB  of  the  OOW  it  is  lower  than  in  calves.     During 

pregnancy  the  iron  and  calcium  in  the  foetus  are  antagonistic;  that  is,  an 

increase  in  the  qui  calcium  in  the  liver  causes  a  diminution  in  the 

iron,  and  an  increase  in  the  iron  causes  a  decrease  ID  tin   calci  : :.:.      I 

Beems  to  be  a  physiological  constituent,  end  occurs  to  a  considerable  i 
in  cephalopoda  1 1 I  i:\ze  :).     Foreign  metals,  such  as  lead,  zinc,  and  others 
(also  iron),  are  easily  taken  up  and  retained  for  a  long  time  by  the  liver  and 
Beem  to  be  combined  with  the  tun  fain  substances  (Slowtzoff,  v.  Zkv. 

v.  I '> 1 1  •. n  \  *  found  in  the  liver  of  a  young  man  who  hi  nly  died 

782  p.  m.  water  and  238  p.  m.  solids,  consisting  of  25  p.  m.  fat,  152  p.  m. 

id.  gelatine-forming  and  insoluble  :  68,  and  01   p.  m.  extra 

substances. 


Glycogen  and  its  Formation. 


Glycogen  was  discovered  by  RlBNaHD.     It  is  a  carbohydrate  closelj 
I  to  the  starches  or  dc.vlrins.  with  the  general  formula  C,HI0O$,  per* 
haps  6(CaHl0Oj)-rHj< )  (Kri.z  and  BobKT&Xoeb).     The  largest  quantities 
are  found  in  the  liver,  and  smaller  quantities  in  the  muscles  (Bernard, 
Nasse).      It  is  found  iii  all  quantities  in  nearly  all  tissues  of  the 

animal  body.     Its  occurrence  in  lymphoid  cells,  blood,  and  pus  has  Ix 

tioned  in  a  previous  chapter,  and  it  seems  to  be  a  regular  constituent 
of  all  cells  capable  of  development.     SghDnDOBFP,1  who   has  detenniii' 
the  maximum  amount   of  glycogen  in  the  dog  after  excessive  meat  and 
carbohydrate  diet,  found  57  grams  glycogen  per  kilo  of  the  animal. 

In  the  liver  he  found  1S6.9  p.  m.  glycogen  as  a  maximum.  For  100  grams 
livcr-glyeogen  he  found  76.17  to  396  grams  of  other  bodies.  The  muscles 
contained  7.2-37.2  p.  m.  glycogen.    Besides  the  gb  n  the  Uver  and 

the  muaelee  he  also  found  appreciable  amounts  io  the  other  organs 
cogen  was  first  shown  in  embryoaic  tissues  by  Bbbnaxd  and  ED  use, 

and  it  seems  on  the  whole  to  be  a  cm  aich  tissues  in  which  a 

rapid  cell-formation  and  cell-development  is  taking  place.  It  is  also  pres- 
ent in  rapidly  forming  pathological  swellings  (Hoppe-vSeyler).  Certain 
animals,  as  certain  mussels  (Mizm).  tienia  and  ascarides   (Weinland-), 


1 /(  :tl 

1  Zciteehr.  f.  physioL  Cham  .  53. 

artioff,  Hofmeiatar'a  Beitrfigf.  1 .  see  Ccntralbl.  f.  Physiol.,  15. 

•  (-■rup-neaanec,  I..hrtnn  h    d    physiol.  Chem.,  4.  Aufl.,  711. 
TfliiRer'a  Arch.,M. 

•  Zdttschr.  f.  Biologie,  41.     The  extensive  literature  on  Glycogen  nu*y  be  found  in 
ogen;  in  Pflugcr's  Arch.,9tt;  and  in  Cromer,  PhysioL  dra  Glycog> 
Enreboiwc  der  Physiologic,  l.Abt.  1      In  the  following  pages  we  shall  refer  to  thaaa 
Worb 
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are  very  rich  in  glycogen.     Glycogen  also  occurs  in  the  vegetable  kingdom,, 
especially  in  many  fungi. 

The  quantity  of  glycogen  in  the  liver,  as  also  in  the  muscles,  depends 
«uucntially  upon  tin-  food-  Tn  starvation  it.  disappears  nearly  completely 
after  a  short  time,  but  more  rapidly  in  small  than  in  large  animals,  and 
it  disappears  earlier  from  the  liver  than  from  the  muscles.  After  par- 
-takii'  illy  such  that  is  rich  in  carbohydrates,  the  liver  be 

■^ornes  rich  again  in  glycogen,  the  greatest  increment  oflOUiriBg   I  I   to   L6 
lours  after  eating  t  Kri.z).     Ti  ity  of  liver-glycogen  may  amount  to 

120- 1  GO  p.  m.  after  partaking  of  large  quantities  of  carbohydrates      Ordi- 
narily   it    fa    C  maidermbly   less,   namely,    12  <i   ]>.  71).     According  to 
of  glycogen  in  plants  (yeast-cells)  Is,  as  in  animals, 
dependent   ODOD   the  food.     .V                  to  him  the  yeast-cells  COX 
cogen,  which  disappears  from  the  cells  in  the  auto-fermentation  of  the  yeast, 
reappears  on  the  introduction  of  the  cells  into  a  sugar  solution. 
Tli'                   "  glycogen  -i              r  (and  Brooks)  Is  also 

dependent  upon  resst.  and  activity,  bocaUBO  during  net,  as  in  hibernation,  it 
increases,  and  during  work  it  diminishes.  Kilz  has  shown  that  by  hard 
quantity  ><\  glycogen  in  the  liver  (of  dogs)  is  reduced  to  a  mini- 
mum in  a  few  hours.  The  doflfl  tint  diminish  n>  the  same 
extent  as  the  liver-glycogen.  Ki  i./.,  Zuntz  and  us,  Frentzel, 
and  others  have  been  able  to  render  rabbits  and  frogs  glyrogen-free  by 
suitable  strychnine  poisoning.  The  same  result  i«  produced  by  starva- 
i  by  hard  wosk. 

Cdycoren  forma  an  amorphous,  white,  tasteless,  and  inodorous  powder. 
It  gives  an  OpalOBOant  solution  with  water  which,  when  allowed  to  evaporate 

e  water-bath,  forma  a  pellicle  over  the  surface  that  di 
one"  '  dextrogyrate,  («)„  —  -f  H»<v.h  . 

power  is  given  aomavhat  differently  by  various  inves- 
tigate i  of  glycogen,  especially  on  ihe  addition  of  NaJ 

red  by  iodine.     It  may  hold  euprk  hydrate  in  solution  in 

alkaline  liquids,  but  does  not  reduce  it.    A  solution  water  is 

itassium-mereuric  iodide  and  hydrochloric  acid,  but  il 

by  alcohol  (on  the  addition  of  NaCl  when  necessary)  or  ammo- 

niacal  basic  lead  acetate.     An  aqueous  solution  of  glycogen  made  alkaline 

with  ran  h  (.15  per  cent  KOH)  is  completely  precipitated  by  an 

equa.  of  Ofi  per  cent  alcohol.     Tannic,  acid  also  precipitates 

eogen.     It  gives  a  white  granular  precipitate  of  benzoyl  glycogen  with 

besaoy]  chloride  and  caustic  soda.    Glycogen  is  completely  precipitated 

'its  solution  at  ordinary  temperatures  with  magnesium  or 

ammonium  sulphate.    It  is  not  precipitated  by  sodium  chloride  or  half 

saturation  with  ammonium  sulphate  (t  uumeister,  Halliburton, 
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no1).    On  boiling  with  dilute  caustic  potash  (1-2  per  cent)  the  gli 

i  may  bo  more  or  less  changed,  especially  if  it  has  been  previously 

exposed  to  the  action  of  aoi.l  or  of  Battciat  *  reagent  (see  below)  (  b). 

On  boiling  with  stronger  caustie  potash  (even  of  36  per  cent)  it  is  not  injured 

(Pn  By  diastatic  enzymes  glycogen   is  converted    into  maltose 

.  r  dextrose,  depending  Upon  the  nature  of  the  enzyme.      It  is  trail.- formed 
into  ilextro-  te  mineral  acids.     According  to  "J  x- 

trius  appear  IB  intermediary  step*  in  the  saccharification  of  glycoge 

a  whether  the  hydr.-lvsis  ifi  aaUBdd  by  mineral  acids  or  enzymes. 
i    ulu'thcr   tfa  from   various   animals   and  djf 

•no  in   this  regard  has  not  been  sufficiently  investigated. 
Nor  baa  it  b  dad  whether  all  the  glycogen  in  the  liver  occurs  as 

BUCh  or  whether  it  is  in  part  combined  with  proteid  (i  -Xi.hking). 

'  a  nitrogenous  carbohydrate  0Q4 ran  in  the  liver  and 
thi>  may.  aeeonling  to  him,  be  considered  perhaps  as  an  intermediary 
step  in  the  formation  of  rarlndiydrate  from  the  prot» ■id. 

The  preparation  of  pure  (simplest  from  the  liver)  is  generally 

performed  by  the  method  suggested  by  B]  its 

are  the  following:    Immediately  after  the  death  of  the  animal  the  liv»  r 
thrown  into  boiling  water,  tlien  finely  divided  and  boiled  several  times  with 
li  water.      The  filtered  extract  is  :  lently  concentrate 

ool,  and  the  ,  removal  by  alternately  adding  pot;  ric 

Mil    hyilro. -hl..r;e  acid.    The  glycogen   is  precipitated  from   the 
filtered  liquid  by  the  addition  of  aleohoj  until  the  liquid  contains  60  vol 
per  cent.     By  repeating  this  anil  'ting  the  glycogen  -e\eral   times 

from  its  alkaline  and  id  solution  it  Ls  purified  on  the  filter  by  wash- 

ing first  with  60  per  cent  and  then  with  !'  it  alcohol,  then  treating 

with  ether  anil  drying  over  sulphuric   acid.     It    is   always   contaminated 
with  mineral  substances.    To  be  able  to  extract  the  glyecjgen  from 
liver  or.  es|>eeially.  from  muscles  and  other  tissues  completely,  which 
essential  in  a  quantitative  estimation,  these  parts  must  first 

b  strong  caustic  potash  (30  per  cent)  on  the  water-bath. 

n,  according  to  Br£ 
better,  for  quantitative  determinations  of  glycogen,  to  precipitate  it  direct))* 
from  the  alkaline  sol  alcohol  (Pn 

The  quantitative  estimation  is  best  performed  according  to  Pki£gebjb 
met!  m  the  following:    100  grams  of  the  finely  divided 

organ  and  100  c.  e.  of  00  per  cent  caustic-potash  solution  are  heated  on  the 
water-bath  for  two  hours.    After  evaporating  the  water  to  400  c.  c.  it  is 
wool  and  the  gryeogen  precipitated  from  100  c.  c. 
of  the  filtrate  by  100  c.  c  of  96  per  cent  alcohol.     The  glycogen  is  washed 


1  Yminf .  Joum  of  rbvs"oL.  tS.  eitiog  the  other  m\ 
'Jouhl  of  PfcnW.  tt 

taM  (  rhv«M.  ««**  w 
»S*»  abo  tho  wxbod  w^urtri  by  Oxttwt,  Coup.  raid.  US. 
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on  the  filter  first  with  dilute  alkali  and  alcohol  and  then  with  alcohol  alone. 

then    dissolved    in   Water,   exactly    neutralized,  treated  with  25  c.  c. 

hydrochloric  acid  (1.19  Bp.  gr.)  ami  water  added  to  500  c.  c,  when  the  amount 

of  HC1  will  be  22  per  cent.    On  heating  for  three  hours  the  glycogen  will 

have  been  converted  into  dextrose,  whose  quantity  can  be  determined 

According  to  Allihn-Pfluger  's  method  by  reduction  of  an  alkaline  copper 

solution  and  weighing  the  cuproas  oxide.     As  a  control  the  weighed  cuprous 

oxide  is  dissolved  in  nitric  add  and  the  copper  litrated  according  to  Vol- 

ru's  method.    In  regard  bo  the  detailed  steps,  which  must  be  exactly 

observed,    compare    Pkli  toot's    original    work.     Other  methods  of  « 

raiting  dvooKen,  such  ai  those  <»f  B  /.,  Pavy,  and  Austin,  are 

described  in  Pkliokr's  Arclliv,  9«.     See  also  the  new  method  as  suggested 

toy  -  ki.1 

Numerous  investigators  have  endeavored  to  determine  the  origin  of 
ajzhrogen  in  the  animal  body.  It  is  positively  established  by  the  unanimous 
observations  of  many  investigators2  that  the  varieties  of  sugars  and  their 
sanhyi  trins  and  starches,   have   the  property   of   increasing   the 

quantity  of  grveogen   in   'he  body.    The  m  inulin  seems  to  be 

somewhat  uncertain.*  The  statements  are  questioned  D  regard  to  the 
«ct»n  of  the  |K'ntoses.  CREMER  found  that  various  pentose,  such  as 
x-liamnose,  xylose,  ami  srabinose,  have  a  positive  inlluence  on  the  glycogen 
•formation  in  rabbits  and  he  iued  the  same  result 

on  feeding  rabbits   and   a   lien  on   1-arabinose.     PBEMTBEJj  found,  on 

rv,  no  glycogen  formation  on  feeding  xylose  to  a  rabbit,  which  had 

I-,  been  made  glycc  'nine  poisoning,  and  Neuberg 

and  WoBLGnCBTB  '  obtained  similar  negative  remits  on  feeding  rabbits 

Ivrtth  d-  and  r-arabin 
The  hexoses,   and   the  carbohydrates  derived  therefrom,  do  not  all 
Possess  the  ability  of  form:  'miniating  glycogen  to  tttS  1 181 OS  '\tetit. 

Thug  C.   Voit5  and   hu    pupils  have  shown   that  dextrose  has  a 
Powerful    action    than    cane-sugar,    while    milk-sugar   is  less  active 
r*bbits  and  hen.-)   than  dextrose.  Livuiose,  canp-sugar,   or   maltose.      The 
following  substances  when  im  i   the    body  also  increase   ths 

4  glycogen  in  the  liver:  gl 
**CNndmg  to  the  ii  lions  of    Kulz,  erythrtic,  quercile,  dulcitc,  v 

untile,  ethylene  and  propylene  glycol,  glucuronic  anhydride,  saccharic 
"^aVf,  mw  sodium  ••  accharin,  isosaccharin,  and  Km,     Am- 


'  Zeiterhr.  f    physiol   Chem.,  36. 

*In  reference  to  the  literature  on  this  subject  see  E.  Kiilx,  Pfliiger's  Arch.,  24,  and 
1  cdirig-Fostschrift,  1891 ;  also  the  cited  works  of  Pflnger  and  Cretner,  foot-note  6,  page 

1  See  Miura,  Zcitschr.  f.  Biologic,  32,  and  Nakaseko,  Amer.  Journ.  of  Physiol.,  4. 
'Salkowski,  Zeitschr.  f.  phyaiol.  Chem.,  32;    Neuberg  and  Wohlgemuth,  ibid.,  la. 
i  sL-o  Pfluger.  I.  c.  and  Creuier,  1.  c. 
*  Zeitschr  L  Biologie,  28. 
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monium  carbonate,  glycocoli,  and  asparagin  may  similarly,  according  to 
mann,  cause  an  increase  in  the  amount  of  glycogen  in  the  liver. 
According  to  Xehelthau  other  ammonium  salts  and  some  of  the 
amides,  as  well  as  certain  narcotics,  hypnotics,  and  antipyretics,  produce 
an  increase  in  the  glycogen  of  the  liver.  This  action  of  the  auti- 
pyretics    (especially     antipyrin)     had     l>een     shown     by     L£pisi:     and 

I'OHTKKET.1 

The  fats,  according  to  Bouchard  and  Desgrez,  increase  the  glycogen 
content  of  the  muscles,  but  not  of  the  liver,  and  according  to  Couvi: 
the  glycogen  is  increased  at  the  expense  of  the  fat  in  the  silkworm  larva 
as  it  changes  into  a  chrysalis.  In  general  it  is  believed  that  the  fat  has 
no  influence  upon  the  glycogen  content  of  the  liver,  although  glycerine 
has  the  action  above  mentioned. 

The  views  in  regard  to  the  influence  of  the  proteids  are  somewhat  con- 
tradictory. From  several  investigations  the  conclusion  has  been  drawn 
that  the  proteids  cause  an  increase  in  the  glycogen  of  the  liver.  Amongst 
these  investigations  must  be  included  certain  feeding  experiments  with 
boiled  beef  (Naunyn)  or  blood-fibrin  (v.  Mering),  and  especially  the 
very  careful  experiments  made  by  B.  Kilz  on  hens  with  pure  proteids, 
such  as  casein,  seralbumin,  and  ovalbumin.  The  value  of  these  experi- 
ments Is  disputed  by  Pflugek,  ami  aw  a  direct  pnx>f  against  the  formation 
of  glycogen  from  proteid  he  refers  to  Schoxdorff'b  investigations 
feeding  carbohydrate-free  proteid  (casein)  to  frogs  without  finding  the  least 
increase  in  the  total  glycogen.  Later  Blijmenthal  and  Wohlgemuth 
arrived  at  similar  results.  They  found  no  glycogen  accumulation  in  frogs 
after  feeding  a  ith  casein  or  gelatine,  but  did  find  it  after  feeding  with  oval- 
bumin, which  contains  a  carbohydrate  group.  On  the  contrary,  Bexdix 
was  able  to  show  an  increase  in  the  glycogen  in  dogs  by  feeding  casein 
and  gelatine,  as  well  as  ovalbumin,  and  in  fact  a  greater  increase  by 
casein  than  by  ovalbumin.  Stookey*  arrived  at  similar  results  when  he 
found  in  hens  a  glycogen  formation  after  feeding  casein,  while  he  obtained 
no  positive  results  after  feeding  glucoproteids.  It  seems  as  if  the  < 
tions  in  cold-blooded  animals  were  different  from  those  in  warm-blooded 
ones.  According  to  Pfluger,  the  experiments  of  BkndxZ  are  not  con- 
clusive, and  he  doubts  the  formation  of  glycogen  from  proteid.  He  claims 
it  is  only  formed  from  carbohydrates  or  from  the  carbohydrate  complex 

1  Hohmann.  Pflugcr's  Arch.,  39;    Nebclthau,  Zcitschr.  f.  Biologic,  28;    Porteret, 
Compt.  rend.,  100. 

'Bouchard  et  Desgrez,  Compt.  rend.,  180;  Couvreur,  Compt.  rend,  de  Soc.  biol, 
47. 

■ Sehondorff.  PflOger'e  Arch.,  82  and  88;  Blumenthal  and  Wohlgemuth,  Beri.  klin 

Wochc-nschr. ,  1901;   Bendix,  Zcitechr.  f.  physiol.  Chem.,  32  and  34;   Stookey,  Amer. 

burn,  of  Physiol.,  0. 
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of  the  glucoproteids.    Most  investigators  are  still,  it  seems,  of  the  opinion 
that  glycogen  can  be  produced  from  carbohydrate-free  proteids. 

If  the  question  is  raised  as  to  the  action  of  the  various  bodies  on  the 
accumulation  of  glycogen  in  the  liver,  it  must  be  recalled  that  a  forma- 
tion of  glycogen  takes  place  in  this  organ,  as  well  as  a  consumption  of 
the  same.  An  accumulation  of  glycogen  may  be  caused  by  an  increased 
formation  of  glycogen,  but  also  by  a  diminished  consumption,  or  by 
both. 

It  is  not  known  how  the  various  bodies  alxne  mentioned  act  in  this 
regard.     Certain  of  them  probably  have  a  retarding  action  on  the  tttkS 
mation  of  glycogen  in  the  liver,  while  others  perhaps  are  more  oombuf 
and  in  this  way  protect  the  glycogen.    Some  probably  excite  the  live: 
to  a  more  active  glycogen  formation,  while  others  yield  material  from  which 
the.  glycogen  is  formed  and  are  glycogen  formers  in  the  strictest  sense  of  the 
word.    The  knowledge  of  these  last-mentioned  bodies  is  of  the  greatest 
importance  in  the  question  as  to  the  origin  of  glycogen  in  the  animal  b<»lv  . 
axui  the  chief  interest  attaches  itself  to  the  question,  to  what  extent  are 
the  two  chief  groups  of  food,  the  proteids  and  carbohydrates,  glycogen 
formers? 

The  great  importance  of  the  carbohydrates  in  the  formation  of  glycogen 
has  given  rise  to  the  opinion  that  the  glycogen  in  the  liver  is  produced  from 
sugar  by  a  synthesis  in  which  water  separates  with  the  formation  of  an 
anhydride  (Ldchsinger  and  others).  This  theory  (anhydride  theory} 
Has  found  opponents  because  it  neither  explains  the  formation  of  glycogen 
from  such  bodies  as  proteids,  carbohydrates,  gelatine,  and  others,  nor 
tbe  circumstance  that  the  glycogen  is  always  the  same  independent  of 
toe  properties  of  the  carbohydrate  introduced,  whether  it  is  dextrogyrate 
r  tavogyrate.  It  is  therefo  e  the  opinion  of  many  investigators  that 
***  glycogen  is  formed  from  proteid,  and  that  this  .splits  into  two  parts, 
P°«  containing  nitrogen  and  the  other  being  free  from  nitrogen:  the  latter 
15  the  glycogen.  According  to  these  views,  the  carbohydrates  act  only  in 
'"at  they  spare  the  proteid  and  the  glycogen  produced  thm-from  (sparing 
le°ry  of  Wnae,  Wolffbero,  and  others1)- 

In  opposition  to  this  theory  C.  and  EL  Von  and  their  pupils  have  shown 

***t   the  carbohydrates  are  "true"  glycogen  formers.    After  partaking 

.      large  quantities  of    carbohydrates  the  amount  of  glycogen  stored    up 

111  the  body  is  sometimes  so  great  that  it  cannot  be  covered  by  the  proteids 

^composed  during  the  same  time,  and  in  these  cases  a  glycogen  formation 

*r<>m  the  carbohydrates  must  be  admitted.     According  to  CRIMES  i  mly  the 

^^nnentable  sugar  of  the  six  carbon  scries  or  their  di-  and  polysaccharides 

*ffc  true  glycogen  formers.     For  the  present  one  only  designates  dextrose, 


1  In  regard  to  these  two  theories,  see  especially  Wolffberg,  Zeitschr.  f.  Biologic,  10. 
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Itevulose,  galactose  (Weinland  l)  and  perhaps  also  d-raannose  (Cremi 
as  true  glycogen  formers.  Other  monosaccharides  may  indeed,  according 
bO  I  "kkmkk.  influence  the  formation  of  glycogen,  but  they  are  not  converted 
into  glyoogeil  anil  hence  are  only  called  paeudoglycogen  formers. 

The  poly-  and  disaccharides  may,  after  a  cleavage  into  the  correspond- 
ing fermentable  monosaccharides,  serve  as  glycogen  formers.  This  a 
for  at  least  cane-sugar  and  milk-sugar,  which  must  first  be  inverted  in  the 
intestine.  These  two  varieties  of  sugar,  therefore,  cannot,  like  dextrose  and 
ki  mi  lose,  serve  as  glycogen  formers  after  subcutaneous  injection,  but  re- 
appear nearly  entirely  in  the  urine  (Dastiik,  Fr.  Yoit).  Maltose,  which  k 
inverted  by  an  enzyme  present  in  the  blood,  passes  only  to  a  slight  extenl 
into  the  urine  (Dastkk  and  Bourquklot  and  others),  and  it  can,  like  th« 
monosaccharides,  even  after  subcutaneous  injection,  be  used  in  the  format 
of  gl  Fr.  Voit'). 

After  Pavy  3  showed  the  glucoproteid  nature  of  ovalbumin  and,  as  she 

r.  that  glucosamine  could  be  split  «"»ff  from  ovalbumin  as  well  as  cei 
protein  substances  (see  Chapter  11),  the  question  arose  whether  thi 
Omi&o-Cfugaf  coold  serve  in  the  formation  of  glycogen.    The  investigation 
lit  in  thus  direction  by  F ASIAN,  1  i;  wKKLand  (  )fkkr,  andCATHCABT 
shown  that  the  glucosamine  introduced  into  the  organism  is  in  pari 
eluuinate<l  unchanged  in  the  urine  and   has  no  glycogen-forming  a< 
No  definite  conclusions  can  be  drawn  from  this  on  the  behavior  of  th« 
carbohydrate  groups  which  exist  not  as  free  groups  but  combined 
the  proteid  molecules. 

Whether  or  not,  or  to  what  extent,  the  gluroproteids  take  part  in  thi 
sugar  of  glycogen  formation  in  the  animal  body  is  difficult  to  answer  foi 

present,  as  but  little  B  Known  of  the  extenl  of    '  >n  tht 

and  out  knowledge  of  the  amount  Irate  which  can  be  split 

off  from  the  various  protein  substances  is  also  very  meagre.  The  most 
widely  accepted  view  seems  to  be  that  the  quantity  <>f  sugar  eliminated 
under  certain  condition-  -in  M-vrral  cases  of  ■  >f  differ.)  -was 

groat  to  be  covered  by  the  glycogen  content  of  the  b 
coproteids,  and  in  these  cases  a  sugar  formation  from  proteid  Ls  adm 
llu    greatest  quantity  of  sugar  which  could  be  formed  theore 
from  proteid  is  8  grams  of  sugar  for  every  gram  of  proteid  nitrogen  if  il 


1  E.  Yoit,  Zeitschr.  f.  Biologic  16    543,  and  C.  Volt,  ibid.,  -_».s.     See  also  Ka\ 
and  Socin,  Arch.  f.  ex  p.  Path.  u.  PLmnn.,  31;    Weinland,  Zeitschr.  f.  Biologj 
•  ■r.  ibid.,  42,  and  BlgebnSm  dcr  Physiol.,  1. 

Arch,  da  Phystiol    (•'".  8,  L891     Dastre  and  Bourquelot,  Compt.  rend., 
Fritz  4  mdl.  d.  Oescllseh  f  Morph.  u.  PhynoL  in  Munchen,  1S90,  and  I'U-ut 

Arch,  f  klin.  Med.  68. 

1  The  Physiology  of  tho  Curbohydratcs,  London,  I 
•  I  t^chr.  f,  physiol.  Cbem    29  .   Printed  and  Offer,  Centralbl.  f. 

13;  '  nthcart,  Zftitachr.  f  phy.-i.»l.  Chen  ,  39. 
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admitted  that  all  the  carbon  of  the  proteid.  witli  ption  of  that  nec- 

essary to  form  ammonium  carbonate,  is  used  in  the  formation  of  sugar.   The 
relationship  between  dextrose  and  nitrogen  in  the  urine  has  been  repeatedly 
de"fcermined  in  various  forms  of  diabetes.     Minkowski  and  a  few  other 
irrvestigators1  have,  after  meat  feeding  in  cases  of  artificial  pancreas  diabetes, 
fovand  the  ratio  2.8-3:1  and  in  phlorhizin  diabetes  D:N  =  3.8-4.2.1.a    In 
bAXinan  diabetes  still  higher  results  for  the  sugar  elimination  have  been 
fc.»und,  and  indeed  in  a  few  cases  with  food  as  poor  in  carbohydrates  as 
possible  the  ratio  higher  than  8:1  was  observed.     There  are  Jwdsod  cases 
wliere  the  large  quantities  of  sugar  eliminated  cannot  be  accounted  for 
by  the  calculated  carbohydrate  and  proteid  transformation,  but  it  is  found 
necessary  to  admit  of  a  sugar  formation  from  fats — a  \  is  not  based 

upon  sufficiently  conclusive  observations. 

It  does  not  seem  justifiable  to  draw  positive  •OHotUfflODB  from  the  size 
of  the  sugar  elimination  and  from  the  ratio  I):  N,  irrespective  of  those 
cases  where  evident  faults  arc  present.  On  the  other  hand,  we  do  not 
know  the  glycogen  condition  of  the  individual  experimented  upon  nor 
the  amount  of  sugar  split  off  Erom  the  g!ucoproteids,and  also  it  is  not  possi- 
ble to  estimate  the  amount  of  sugar  formed  from  the  quantity  of  sugar 
eliminated  by  the  urine,  as  an  unknown  part  of  the  sugar  Is  undoubtedly 
hunt  in  the  body.  The  ordinary  view  is,  as  above  stated,  that  a  sugar 
formation  and — what  amounts  to  the  same  thing — a  glycogen  formation 
•Tom  proteid  has  been  positively  shown. 

One  can  only  speculate  on  the  manner  in  which  the  sugar  is  formed 
frr>m  the  proteid.  It  is  still  generally  admitted  that  a  deep  cleavag< 
^Kes  place.  Fr.  If  Bluer  has  proposed  the  view  that  the  sugar  formation 
^nies  possibly  from  the  leucin,  a  view,  although  it  has  been  the  subject 
°f  several  investigations  (R.  Con.v.  Lvtuji..  RWDTT,  Schondorff,  Blu- 
"^thal,  and  Wohlgemuth  *),  has  not  been  proven  nor  positively 
Proved. 

Like  the  carbohydrates  in  general,  glycogen  has  without  any  doubt  a 

S^^at  importance  in  the  formation  of  heat  and  development  of  energy  in 

kfc  animal  body.     The  possibility  of  the  formation  of  fat  from  glycogen 

^nnot  be  denied.'    Glycogen  Is  per  nsidm-d  as  accumulated  reserve 

°°d  in  the  liw  and  formed  in  the  Hver-oeUs,    Whan  does  the  glycogen 

fisting  in  the  other  organs,  such  as  the  muscles,  originate?    Is  the  gly- 

,     l  Arch,  f  m.  ii    Po&rm.,  81.     An  the  scope  of  this  work  does  not  allow  of 

B  reference  to  the  extrusive  literature  on  the  elimination  of  sugar  in  the  variolic 
0r*X»a  of  diabetes,  the  nawlrr  is  referred  to  larger  handbooks  and  monographs  00  '1  in  bete*. 
'  Stiles  and  Luak,  Amer  Journ.  of  Physiol  .  10. 

'  Cohn.  Zeitachr.  f .  physinl   Them  ,  2N;    liendix.  iOmi  .  32     I.iiihjf.  Z-irsrhr    E   klin. 
■*^..  39;   Schondorff,  Pfluger'a  Arch.,  82;    Hlurnent.hal  and  Wohlgemuth,  fieri,  klin. 


W 


ochenschr  ,  190!  Zoitaehr.  f.  physiol   f'hem.,  35. 

*8e«  especially  Nocl-Paton,  Journ.  of  Physiol  ,  19. 
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cogcn  of  the  muscles  formed  on  the  spot  or  is  it  transmitted  to  the  m 
by  the  blood?  These  questions  cannot  yet  be  answered  with  positiveness, 
and  the  investigations  on  this  subject  by  different  experimenters  have 
given  contradictory  results.  The  experiments  of  KtiLZ,1  in  which  he 
studied  the  glycogen  formation  by  passing  blood  containing  cane-sugar 
through  the  muscle,  has  led  to  no  conclusive  results.  Still  the  formation 
of  glycogen  from  sugar  in  the  muscles  is  probable.  There  is  no  doubt  that 
glycogen  is  formed  in  the  muscles  during  embryonic  life. 

If  it  is  true  that  the  blood  and  lymph  r<>n  tain  a  diastatic  enzyme  whirh 
transforms  glycogen  into  sugar,  and  also  that  the  glycogen  regularly  occurs 
in  the  form-elements  and  is  not  dissolved  in  the  fluids,  it  seems  probable 
that  the  glycogen  is  not  transmitted  by  the  blood  to  the  organs  in  solu- 
tion, but  perhajM  more  likely,  if  the  leucocytes  do  not  act  as  carriers,  it 
is  formed  on  the  spot  from  the  sugar.'  The  glycogen  formation  seems  to 
be  a  general  function  of  the  cells.  In  adults  the  liver,  which  is  very  ri«h 
in  cells,  has  the  property,  on  account  of  its  anatomical  position,  of  t 
forming  large  quantities  of  sugar  into  glycogen. 

The  question  now  arises  whether  there  is  any  foundation  for  the  sta 
ment  that  the  liver  glycogen  is  transformed  into  sugar. 

As  first  shown  by  Bernard  and  repeated  by  many  investigators,  the 
glycogen  in  a  dead  liver  is  gradually  changed  into  sugar,  and  this  sugar 
formation  is  caused,  as  Bernard  supposed  and  Arthus  and  IIuber.  Pact, 
and  recently  also  Pick  and  Bial,'  proved,  by  a  diastatic  enzyme.  This  post- 
mortem sugar  formation  led  Bernard  to  the  assumption  of  the  formation 
of  sugar  from  glycogen  in  the  liver  during  life.  Bernard  suggested  the 
following  arguments  for  this  theory:  The  liver  always  contains  some  sugar 
under  physiological  conditions,  and  the  blood  from  the  hepatic  vein  is 
always  somewhat  richer  in  sugar  than  the  blood  from  the  portal  vein. 
The  correctness  of  either  or  both  of  these  statements  has  been  disputed 
by  many  investigators.  Pavy,  RlTTEB,  SCBOT,  Khi.knhkkc,  Li<ssana, 
Adeles.  and  others  deny  the  occurrence  of  sugar  in  the  liver  during  life, 
and  the  greater  amount  of  dextrose  in  the  blood  from  the  hepatic  vein  il 
likewise  disputed  by  them  and  certain  other  investigators.* 

It  can  be  said  that  at  present  there  an;  two  ohiai  views  on  the  destruc- 
tion of  the  glycogen  in  the  living  organism:  PAvr'sview,  that  the  glycogen 


•  See  Minkowski  and  Laves,  Arch.  f.  exp.  Path.  u.  Pharra.,  23;  Kulx,  Zeitscbx 
Biolop 

•  See  Dastre,  Compt.  rend,  dc  soc.  biol.,  47,  280,  and  Kaufmann,  ibid.,  316. 

'  Art  hits  and  Huber,  Arch,  do  Physiol.  (5),  4,  089;  Pavy,  Journal  of  Physiol..  2 
Pick.  HofmciHtcr'a  Bcitr.,  8;  Bial,  Arch    I      In  ii    u.)  Pliyaiol.,  1901. 

'  In  regard  to  the  literature  on  sugar  formation  in  the  liver  see  Bernard.  Lccons  si 
lc  diabete,  Paris,  1877;  Seegcn,  Die  Zuckerbildung  im  Tjerkorper,  Berlin,  1890;  1 
Bial,  Pfluger's  Arch  ,  55,  431. 


FORMATION  OF  SUGAR  IN  THE  LIVER. 


288 


is  directly  used  without  being  previously  transformed  into  sugar,  and  Ber- 
N"a.id"s  view,  which  is  accepted  by  most  investigators,  that  the  glycogen  is 
first  transformed  into  sugar  by  the  aid  of  diastatic  enzymes.  According 
to  certain  experimenters  (Dastre,  Noel-Paton,  E.  Cavazzani  '),  who 
also  admit  a  destruction  of  the  glycogen  with  the  formation  of  sugar,  the 
cbafiage  is  not  brought  about  by  an  enzyme  but  by  a  special  protoplasmic 
a*c  tiv!: 

The  doctrine  as  to  the  physiological  formation  of  sugar  in  the  liver  has 
obtained  an  energetic  advocate  in  Seegen.    He  maintains,  after  numerous 
experiments,   that  the  liver  regularly  contains  considerable  amounts  of 
sugar.    He  has  observed  an  increase  of  3  per  cent  in  the  quantity  of  dex- 
trose in  the  liver  of  a  dog  kept  alive  by  passing  arterial  blood  through  the 
organ,  and  lastly  he  has  also  found  in  a  very  great  number  of  experiments 
on  dogs  that  the  blood  from  the  hepatic  vein  always  contains  more — even 
double  as  much — sugar  than  the  blood  from  the  portal  vein.    Mosse  and 
Zuntz'  have  recently  made  objections  as  to  the  correctness  of  this  last 
element,  and  it   follows  from   the  various  researches  on  this  question 
that  when  disturbing  influences  are  prevented  tho  blood  from  the  hepatic 
voin  is  only  very  little  richer  in  sugar  than  the  blood  from  the  portal  vein. 
Although  BnOKM  ■MBgffimfy  espouses  the  doctrine  of  Bernard  as  to 
the  vital  sugar  formation  in  the  liver,  still  he  deviates  essentially  from 
Bernard  in  that  he  claims  the  sugar  is  not  derived  from  the  glycogen. 
Recording  to  Seegex   the  sugar  is  formed  from  proteid  and  fat.      Ills 
°lder  idea,  that  this  proteid  was  peptone,  he  has  discarded.     Of  importance 
*°*  the  study  of  the  sugar  formation  in  the  liver  is,  on  the  contrary,  the 
*°t  that  Seegen   has  found  a  substance  in  the  liver,  besides  glycogen, 
^bieh  yields  dextrose  on  heating  with  dilute  acids.    He,  in  connection  with 
"•^'Ema-VX,  has   isolated   this  substance  in  the  form  of  a  nitrogenous  car- 
'° hydrate.     0.    Simon  j   has    also    recently    isolated    a    proteose-like  sub- 
HtanCe  from  the  liver,   which   reduces  directly  and  yields  a  fermentable 
^&ar  on  boiling  with  acida,  ami  this  sugar  gives  an  osazone  melting  at  190°. 
The  formation  of  carbohydrate  or  dextrose  from  Eat,  a  process  which 
'Moubtedly  occurs  in  the  vegetable  kingdom,  is  also  admitted   for  the 
^irxial  body  by  French  experimenters,  especially  Chatjveau  and   Kauf- 
T^Nn.'     At  present   there  is  no  positively   conclusive  proof  for  such  a 
!'*^v.      As  proof  of  the  formation  of  sugar  from  fat  several  cases  of  dia- 
^tea  have  been  observed  recently  (Rumpf,  Rosenqvist,  Morr,  v.  Noor- 

1  In  regard  to  the  literature  see  Pick,  Hofmeister'g  Beitr&ge,  3. 

■  Seegen,  Die  Zuckerbildung,  etc.,  and  Central!)!,  f.  Physiol.,  10,  497  and  822; 
Zun  t  ,io»e,  Pfluger's  Arch..  03;  Bing.  Skand.  Arch.  f.  Physiol.,  9. 

'  Seegen,  Arch.  f.  (Anat.  u.)  Physiol.,  1903;  Seegen  und  Niemann,  Wien.  Sitiber., 
'  l-     [J  on,  Arch.  f.  (Anat.  u  )  Physiol..  49. 

*  Kuufiuaun,  Arch,  de  Physiol    5),  \  whioh  iilso  cites  Chauveau. 
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den,  and  others  ')  in  man,  and  by  Hartogh  and  Schtjmm  also  in  animals, 
in  which  the  sugar  elimination  as  compared  to  the  nitrogen  elimination  U  t 
the  same  time  was  so  exceedingly  high  that  they  were  obliged  to  admit 
of  a  sugar  formation  from  fat;  still  these  observations  do  not  seem  to 
be  Miliioiently  conclusive.  The  investigations  of  J.  Weiss  seem  to  show 
a  formation  of  sugar  from  fat  in  the  liver,  while,  on  the  contrary,  the  obser- 
vations of  Montdori  contradict  such  a  process.2  This  question  is  therefore 
disputed. 

The  circumstance  that  the  blood-sugar  rapidly  sinks  to  J-$  of  its  orig- 
inal quantity,  or  even  disappears  when  the  liver  is  cut  out  of  the  circulation, 
speaks  for  a  vital  formation  of  sugar  in  the  liver  (Seeoen,  Bock,  and 
Hopfmann  Kaufmann  Tanul  and  Haulky  Pavy).  In  geese  «  I 
livers  were  removed  from  the  circulation  Minkowski  found  no  sugar  in 
the  blood  after  a  few  hours.  On  removing  the  liver  from  the  circulation 
by  tying  all  the  vessels  to  and  from  the  organ,  the  quantity  of  sugar  in  the 
blood  on  drawing  Is  not  increased  (S<  mi  nck8).  We  will  also  learn  shortly 
of  certain  poisons  and  operative  changes  which  may  cause  an  abundant 
elimination  of  sugar,  but  only  when  the  liver  contains  glycogen.  If  we 
call  the  fact  shown  by  Ruhmanx  and  Him.  •  that,  the  lymph  as  well  as  the 
blood  contains  a  diastatic  enzyme,  then  several  reasons  speak  for  the 
of  Bernard,  that  the  post-mortem  formation  of  sugar  from  the  glycogen 
in  the  liver  is  a  continuation  of  the  vital  process. 

The  relationship  of  the  sugar  eliminated  in  the  urine  under  certain 
conditions,  such  as  in  diabetes  mellitus,  certain  intoxications,  lesions  of 
the  nervous  system,  etc.,  to  the  glycogen  of  the  liver  is  also  an  important 
question. 

It  does  not  enter  into  the  plan  and  scope  of  this  book  to  discuss 
detail  the  various  views  in  regard  txi  glycosuria  and  diabetes.     The  apj 
ance  of  dextrose  in  the  urine  is  a  symptom  which  may  have  essentially 
different  causes,  depending  upon  different  circumstances.     Only  a  f< 
the  most  important  points  will  be  mentioned. 

The  blood  contains  always  about  an  average  of  1.5  p.  m.,  while  the 
urine  at  most  only  traces  of  dextrose.  When  the  quantity  of  sugar  in  the 
blood  rises  to  3  p.  m.  or  above,  then  sugar  passes  into  the  urine.  The 
kidneys  have  the  property  to  a  certain  extent  of  preventing  the  passage  of 
blood-sugar  into  the  urine;  and  it  follows  from  this  that  an  eliniin   tl 

1  Rumpf,  Bcrl.  klin.  Wochcnschr.,  IS99;  Rosenqvist,  ibid.;  Mohr,  ibid,  1901; 
v.  Noordcn,  "Die  Zuekerknmklu-it."  3.  Aufl.,  Berlin,  1901;  Hartogh  and  Schumm. 
Arch.  f.  exp.  Path.  u.  Plmrm.,  47,  and  Luak,  Zeitschr.  f.  Biologic.  If. 

'  Weiss,  Zeitschr.  f.  physiol.  CbtBD  ,  84]   Montuori.  Maly  's  Jahresber.,  26. 

1  Seegen,  Bock  and  Hoffmann,  see  Seegen,  1.  c  ;  Kaufmann.  Arch,  de  Pin. 
8;    T:in^l  Rod  Harlry,  Pfliigor's  Arrh.,  01;    F'-ivv.  .Joiim    of  Phy.Mol.,  29;   Miukowsl 
p  Path  u   Plmrm  ,  21 ;  Sehenck,  PfliiRcr'a  Arch  ,  .'.* 

4  Hahmann  and  Bial,  ace  foot-note  4,  page  155. 
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sugar  in  the  urine  may  be  caused  partly  by  a  reduction  or  suppression 
or  this  above-mentioned  activity  and  partly  also  by  an  abnormal  increase 
of    the  quantity  of  sugar  in  the  blood. 

The  first  seems,  according  to  v.  Mf.kini;  and  Minkowski,  to  be  the 
cae«  in  phlorhizin  diabetes,  v.  Mi  BRING  has  found  that  a  strong  glycosuria 
ap>pears  in  man  and  animals  on  the  administration  of  the  glucoside  phlor- 
hizin.  The  sugar  eliminated  is  nol  derived  from  the  ghnoorfdfl  alone.  It 
is  formed  in  the  animal  body,  and  in  fact,  at  least  on  prolonged  starvation, 
from  the  protein  substances  of  the  body.  The  quantity  oJ  sugar  in  the 
blood  is  not  increased,  but  rather  diminished,  in  phlorhizin  diabetes  (Mix- 
*0"wski),  which  tends  to  show  that  an  abnormal  elimination  of  sugar  takes 
place  through  the  kidneys.  This  statement  is  disputed  by  certain  investi- 
gators. Lkvknt.  and  I'avy,  and  the  work  of  the  latter  seems  to  show  that 
*   8Ugar  formation  takes  place  in  the  kidneys.1 

With  the  exception  of  phlorhizin  diabetes,  which  is  dependent,  accord- 
"ig  to  the  ordinary  views,  upon  a  change  in  the  kidneys,  all  other  forms  of 
glycosuria  or  diabetes,  as  far  as  known  at  present,  depend  on  a  hypcryiu- 

A  hypergluwemia  may  be  caused  in  various  ways.  It  may  be  caused, 
f^>*~  example,  by  the  introduction  of  more  sugar  than  the  body  can  destroy. 

The  property  of  the  animal  body  to  assimilate  the  different  wiri. 
<*£    sugar  has  naturally  a  limit.    If  too  much  sugar  is  introduced  into  the 

t&tinal  tract  at  one  time,  so  that  the  so-called  assimilation  limit 
C^lxapter  IX,  on  absorption)  is  overreached,  then  the  excess  of  absorbed 

^ar  passes  into  the  urine.    This  form  of  glycosuria  is  called  ah> 
frt&coturia,3  and  it  is  caused  by  the  passage  of  more  sugar  into  the  blood 
tfcx^n  the  liver  and  other  organs  < .  y . 

As  the  liver  cannot  transform  all  the  sugar  into  glycogen  which  comes 
**>  it  in  alimentary  glycosuria,  it  is  possible  that  a  glycosuria  may  be  pro- 
^viced  also  under  pathological  conditions,  even  by  a  medium  amount  of 
carbohydrate  (100  grams  dextrose),  whieh  a  healthy  person  could  overcome. 
T"his  is  the  case  among  others  in  various  affections  of  the  cerebral  system 
*^d  iM  certain  chronic  poisoning.     -  includes  the  lighter  forms  of 

"■•OeteB  in  this  class  of  glycosuria. 

'  In  regard  to  the  literature  on  phlorhizin  diabetes  see:  v.  Mering,  Zeitschr.  f.  klin. 

zf *d-,14an«l  Hi;  Minkowski,  Arch   f.  exp.  Path,  u    Pharm.,31;   Moritz  and   Prausnitz, 

T**t«chr.  f    Biologie,  27  and  29;   Kulz  and  Wright,  &ul.,  27,  181;  Cremor  and  Hitter, 

1!S  and  29;  Contjean,  Corapt.  rend,  de  soc.  bid..  4S;    Lusk,  Zeitschr.  f.  Biologie, 

>    Levene,  Journal  of  Physiol.,  17;   Pavy,  ibid.,  20  and  29;  Arteaga.  Arner.  Journ. 

1  Physiol.,  6;  O.  Loewi,  1.  c. ;  Cremer,  Krgebniase  der  Pbysiologie,  1,  Abt.  I,  and  the 

"topographs  upon  diabetes;  Stiles  and  Lusk,  Arner.  Journ.  of  Physiol.,  10. 

*  In  regard  to  alimentary  glycosuria  see  Moritz,  Arch.  f.  klin.  Med.,  40,  which  also 

^tauw  the  older  literature;    B.  Rosenberg,  ' '  I'ebcr  das  Vorkounnen  der  aliim  ntiin  n 

aug. -Dissert.  Berlin,  1897);   van  Oordt.  Mfiooh,    med.  Wochen- 

*kr  ,  ififtg;  v   N'oorden,  Die  Zuekr-rkrankheit.  3.  Aufl.,  1901. 


SS6 


THE  LIVER. 


We  differentiate  between  light  and  severe  forms  of  diabetes.  In 
first  the  urine  contains  sugar  only  when  carbohydrates  arc  taken  as  food, 
while  in  the  other  case  the  urine  contains  sugar  even  with  food  entirely 
free  from  rarl>ohydrate8.  According  to  the  views  of  several  investigators, 
in  light  forms  of  diabetes  the  liver  is  incapable  of  transforming  all  the 
carbohydrates  introduced  into  glycogen,  or  to  utilize  this  in  a  normal  way, 
and  the  activity  of  the  liver-cells  is  also  reduced  or  changed  in  these  cases. 

A  hyperglucaemia  which  passes  into  a  glycosuria  may  also  be  brought 
about  by  an  excessive  formation  of  sugar  from  the  glycogen  and  other 
within  the  animal  1> 

The  so-called  piqtire,  and  also  probably  those  glycosurias  which  occur 
after  other  lesions  of  the  nervous  system,  belong  to  the  above  group  of 
jl\ 'I'lisurias,  The  glycosuria  produced  on  poisoning  with  carbon  monox- 
i<]<  adrenalin,  curare,  strychnine,  morphine,  etc.,  also  belongs  to  this  group. 
That  the  glycosuria  produced  in  certain  cases,  as  after  piqtwr,  is  due 
to  an  increased  transformation  of  the  glycogen  follows  from  the  fact  that 
no  glycosuria  appears,  under  the  above-mentioned  circumstances,  when 
the  liver  has  been  pr.  nade  free  from  glycogen  by  starvation  or 

other  means.    In  other  cases,  as  in  carbon-monoxide  poisoning,  the  sugar 
is  pro  b  rived  from  the  proteids,  because  glycosuria  only  occurs  in 

those  oiooi  where  the  poisoned  animal  has  a  sufficient  quantity  of  pr 
at  its  disposal  (Straub  and  Rosensteix  ').    Proteid  starvation  with  a 
simultaneously  abundant  supply  of  carbohydrates  causes  this  glycosuria  to 
disappear. 

A  hvpergluoemia  with  glycosuria  may  also  be  caused  by  a  decreased 
ability  of  the  animal  body  to  consume  or  destroy  the  sugar.    In  this  case 
:gar  must  accumulate  in  the  blood,  and  the  formation  of  severe  cases 
of  diabetes  mellitus  is  now  generally  explained  by  this  process. 

The  inability  of  diabetics  to  destroy  or  consume  the  sugar  does  not  seem 
to  be  connected  with  any  decrease  in  the  oxidative  energy  of  I 
Apart  from  the  fact  that  the  oxidative  processes  are  not  diminished  generally 
in  diabetics  (Schultzen,  Xexcki  and  Sieder  '),  it  must  be  remarked  that 
the  two  varieties  of  sugar,  dextrose  and  lsvulose,  which  are  oxidized  with 
readiness,  act  differently  in  diabetics.  According  to  Kii.z  and 
other  investigators  Uevulose  is,  contrary  to  dextrose,  utilized  to  a  great 
the  organism,  and  may,  according  to  Minkowski,'  even  cause  a 


1  See  Bock,  Pfluger's  Arch.,  a;  Bock  and  Hoffmann.  Expt.  Studien  uber  Diabetes 
(Berlin.  18T4);  &  Bernard,  Lecons  sur  le  diahtte  (Paris) ;  T.  Armki,  Zeitsehr.  f  phvaioi. 
Cl»em..  I*.  331 ;  Straub,  Arch.  f.  exp  Path.  u.  Phann.,  88;  Rosenstein.  tind.,  40; 
Pflugw.  Pfluger's  Arch..  M. 

1  SchulUen,  Beri.  klin.  Wochenschr.,  1S72;  Nenclri  and  Sieber,  Journ.  f.  prakt. 
Cbem    N.  F.).M.35. 

■  Kulx,  Bsttrtge  sur  Path.  u.  Thermp.  des  Diabetes  mellitus  (Marburg.  1874), 
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deposit  of  glycogen  in  the  liver  in  animals  with  pancreas  diabetes  (see  be- 
low*"  )•  The  combustion  of  proteid  and  fat  takes  place  as  in  healthy  subjects, 
and  the  fat  is  completely  burnt  into  carbon  dioxide  and  water.  In  this 
diabetes  the  ability  of  the  cells  to  utilize  especially  the  dextrose  suffers 
diminution,  and  the  explanation  of  this  has  been  sought  in  the  fact  that  the 
do^ctro&e  is  not  previously  split  before  combustion. 

CO 

The  variation  in  the  respiratory  quotient,  i.e.,  the  relation  — -*,  seems 

to  show-  an  insufficiency  of  the  dextrose  combustion  in  the  tissues  in  diabetes. 
Ajb  will  be  thoroughly  explained  in  a  following  chapter,  this  quotient  is 
greater  the  more  carbohydrates  are  burnt  in  the  body,  and  it  is  correspond- 
ingly smaller  whe  I  and  fat  are  chiefly  burnt.    The  investigations 
V.         [raUD    and    Laves,    Stiuyk,1   and   others   have 
shown  that  in  severe  cases  of  diabetes  in  the  starving  condition  the  low 
quotient  is  not  raised  af  t.-r  partaking  dextrose,  as  in  healthy  individuals,  but 
that  it  is  raised  after  feeding  kevulose,  which  is  also  of  value  to  diabetics 
(WrjSTKAUD  and  Lavk-.  i.    The  poverty  of  the  organs  and  tis- 
sues of  diabetics  in  glycogen  shows  that  not  only  is  the  combustion  of  the 
dextrose  diminished .  but  aba  the  transformation  of  the  same  into  glycogen, 
a*i«l  its  valuation  as  a  whole  is  decreased. 

There  are  also  certain  investigators  who  consider  that  diabetes  is  due  to 
a°  increased  production  of  sugar  in  the  liver — a  view  which  has  ret 
•°»ne  support  in  the  artificially  produced  pancreatic  diabetes  (Chauveau, 

^UFMAW.  I'.WAZZANl). 

I  he  investigations  of  MINKOWSKI,   v.  Merino,  Domknhis,  and  later 

^Vestigatora '  have  shown  that  a  true  diabetes  of  a  severe  kind  is  caused 

**y  the  total  extirpation  of  the  pancreas  of  many  animals,  especially  dogs. 

^  irj  man  in  severe-  forms  of  diabetes,  so  also  in  dogs  with  pancreatic  dia- 

Jetes,  an  abundant  elimination  of  sugar  takes  place  even  on  the  complete 

e*dusion  0f  carbohydrates  from  the  food,  and  the  formation  of  .sugar  in 

"cs«?  cases  is  generally  considered  as  derived  from  the  protein  substances. 

Artificial  pancreatic  diabetes  may  also  in  other  respects  present  exactly 

**P  same  picture  as  diabetes  in  man;  but  opinions  differ  as  to  the  cause  of 

1L«  diabetes.     According  to  the  Oavazza.ni  brothers,  as  well  as  Chauveau 

„5*<i    Ku.kmavn,'  pancreatic  diabetes  is  not  or  not  entirely  caused  by  a 

*ifitraud  and  Laves,  Zeitschr.  f.  physio],  Chera.,  18;    Haycraft,  ibid.;    Minkowski, 
^roh  f.  exp.  Path.  u.  I'harm.,  31. 

v    Noorden,  Die  Zuckerkrankheit,  3.  Aufl.,  1901. 

^      *  See  Minkowski,  Untersuchungen  fiber  Diabetes  mellitus  nach  Exstirpation  des 

^^kreas  i.  Leipzig,  1893);   v.  Noorden,  "Die  Zuckerkrankheit"  (Herlin,  1901),  which 

_0t*tains  a  very  copious  index  of  the  literature.     In  rojrard  to  diabetes  see  also  CL 

^Tmrd,  Logons  but  le  diabctc  (Paris),  and  Secgen,  Die  Zuckerbildung  in  Thierkorper 

*  Caviizrani,  Centndbl.  f.  PhysioL,  7;   Chauveau  and  Kaufmann,  Mem.  soc.  biol.r 
^^3j  Kaufmann,  Arch,  de  Physiol,  (o),  7,  and  Compt.  rend,  de  soo.  biol.,  47. 
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diminished  consumption  of  the  normal  quantity  of  sugar  formed,  but  to  an 
abnormally  increased  formation  of  sugar.     From  this  it  follows  that  the 
pancreatic  gland  has  a  regulating  action  on  the  formation  of  sugar  in  the 
liver,  a  retarding  action  which  is  caused  by  an  unknown  product  of  the 
internal  secretion  of  the  pancreas,  and  which  is  absent  on  the  extirpati 
the  gland.     Kaufmann  has  made  many  investigations  in  support  of  this, 
view.     Among  other  things,  he  has  also  shown  that  on  the  extirp 
the  pancreas  in  hvpergluccemic  animals  the  quantity  of  blood  is  quickly 
diminished  on  cutting  out  the  liver  or  the  portal  circulation.     Mont 
has  arrived  at  similar  results,  .sine-  the  large  quantity  of  sugar  in  the  blood 
of  dogs  on  ligaturing  the  pancreatic  vessels  was  diminished  on  subsequently 
ligaturing  the  liver  vessels.    Kausch  has  made  similar  observation 
birds    with    extiqjated    [>nncre:is    Bad    subsequent    liver    cxtiq>ation,    and 
Mahcuse  3  has  likewise  shown  that  the  simultaneous  extirpation  of  the 
liver  and  pancreas  of  frogs  caused  no  glycosuria  in  any  case  (among  19), 
while  the  extirpation  of  the  pancreas  alone  in  12  animals  operated  upon 
(out  of  19)  caused  a  diabetes. 

There  remains  no  doubt  that  a  certain  relationship  exists  between  tl 
liver  and  the  elimination  of  sugar  after  the  extirpation  of  the  pancreas, 
although  the  observations  do  not  lead  to  any  positive  conclusion.  The 
investigations  of  Minkowski.  Hkdon,  T.vncreaux,  Thiroloix,  and 
others  *  make  it  probable  that  special  chemical  products  of  the  internal 
secretion  of  the  pancreas  are  here  active.  According  to  these  investigations 
a  subcutaneously  transplanted  piece  of  the  gland  can  compl  form 

tin-  functions  of  the  pancreas  as  to  the  sugar  exchange  and  the  sugar  elimi- 
nation, because  on  the  removal  of  the  intra-abdominal  piece  of  gland  the 
animal  in  this  case  docs  not  become  diabetic.     But  if  the  subomane 
imbedded  piece  of  pancreas  ubsequently  removed,  an  a  oina- 

lion  of  sugar  appears  immediat 

There  seems  lately  to  be  a  tendency  to  lean  towards  the  view  that 
internal  secretion  of  the  pancreas  is  related  to  the  so-called  islands 
Langerhans  of  the  pancreas.  No  one  is  acquainted  with  the  kind  of  sub- 
stance here  active.  The  glycolytic  activity  of  the  blood  shows  by  I 
used  to  be  considered  by  him  as  due  to  a  glycolytic  enzyme  formed  in  the 
pancreas;  this  glycolysis  is  not  sufficient,  it  seems,  eyen  if  it  is  depend- 
ent upon  the  pancreas,  which  is  denied,  to  explain  the  transformation  in 
the  body  of  the  large  amount  of  sugar  present.  Perhaps  the  influence 
of  the  pancreas  must  be  sought  in  connection  with  the  muscles,  for,  as 


>on 


1  See  Maly'a  Jahresber.,  2C. 

»  Kausch,  Arch.  f.  exp.  Path.  u.  Pharm.,  87;  Marcuse,  Du  Boia-Reymond  'b  Arch., 
1894,530. 

•  S«j  Minkowski,  Arch.  f.  exp.  Path.  u.  Pharm.,  31;  Hcdon,  DiaWte  pancr^atique. 
Travaux  de  Physinlocir-  ''T.:il.«.r:iToii  ••  <lo  Montpdfier,  1898). 
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0.  Cobnretm  *  has  shown,  one  can  obtain  a  cell-free  liquid  from  a  mixture  of 
muscle  and  pancreas  which  destroys  grape-sugar,  while  the  individual  organs 
alone  do  not  do  thus. 

The  statement  of  (Ywnhfim,   that   the  pancreatic  juice  and  muscle 
juice  together,  but  not  apart,  have  a  glycolytic  action,  has  been  disp 
u  several  experimenters  such  as  Stoklasa  and  Czerny,  SimAcek.  Fein- 
KBM1DT,  Aknhkim  and  ROSEHBATOI  have  shown  a  glycolytic  property  of 
tiwe  and  rgans,  also  with  the  exclusion  of  bacteria.     The  precipi- 

tate produced  by  alcohol-ether  scorns  to  be  more  active  than  the  press 
fluid  itself,  and  the  action  of  the  latter  was  often  very  weak.     To  those 
orisans  which  contain  a  glycolytic  substance  also    belongs  the  liver,  in 
*hirh  this  substance  is  absent  in  severe  cases  of  diabetes.     Cohnheim's 
lents  have,  on   the  other  hand,  been  confirmed  by  Aknhkim   and 
MBAUM   and    R.    BlUSCB,   who   showed    that  the  pancreas  has   the 
Log  the  glycolytic  property  of  the  liver  and  the  muscles  to  a 
-  probably  acts  in   the  destruction  of 
the  sugar,   in   t hat    it    brings  abOQt  the  action  of   the  glycolytic  enzymes 
pnsent  in  the  other  oigai  KENTHli).     I.khm:,   who  has  already 

Emitted  that  the  pancreas  has  a  dired  glycolytic  actios  but  Dot  by  an 
internal  »••  o  of  the  opinion  that  the  produced  by  cell 

bioplasm  is  accelerated  by  the  pancreas.3 

The  Bile  and  its  Formation. 
be  establishment  of  a  biliary  fistula,  an  operation  which  was  first 
irmed  by  Schwann  in  1844  and  which  has  been  improved  latel1 
i]    LWl  I  Lbk  to  Btlldy  thfl  secretion  of  the  bile. 

bill  with  varying  intensity.  It  takes  place  under 
a  von-  low  pressure;  therefore  an  apparently  unimportant  hindrance  in  the 
001  ft  a  stoppage  of  mucus  1 

tfhrge  quantities  of  visco        ile,  may  cause  stagnation  ai  d  absorption  of 

deans  of  the  lymphatic  vessels  (absorption  ictcn; 

The  quantity  of  bile  secreted  in  the  twenty-four  hours  in  dogs  can  be 

•termined.     The  quantity  secreted  by  different   animals  varies, 

the  limits  are  2.^-36.4  grams  of  bile  per  kilo  of  weighi  in  the  twentv- 

fo«r  hours.' 

1  bx  I  physloL  Chem.,  39. 
^    'Stoklasa,  Ostem i  1003;   Czerny,  Bur,  d.  d.  chera.  Geacllsch., 

1  .1  ,  17     Fetasohin  dt,  Ho  N  ••<■.  i    Arn- 

f.  physii-l  C3MUL,  10;  It.  Hir-.rli,  Hi.r'rn.-istcr'a  Bei- 
JhT**.  4;  Bluraenthal,  Deutsch  mod  Wochenschr.,  1903;  LI  pi  no,  La  semainc  m6- 
***%  1003. 

^     •Schwann.  Arch.  f.  (Anat.  u.)  Ph>  i-.l  .  1844;    Dastro,  Arch,  de  Physiol.  (5),  8; 
*Mnw,  Ergebnimo  dor  Physiol  ,  I .  At) 

1  lo  regard  to  the  qimn'  1  secreted  ill  unirnalfl  see  Hcidenhain.  Die  Oallenab- 
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The  statements  as  to  the  extent  of  bile  secretion  in  man  are  few  ai 
not  to  be  depended  on.  Rankb  found  (using  a  method  which  is  not  free 
from  criticism)  a  secretion  of  14  grams  of  bile  with  0.44  gram  of  solids  per 
kilo  in  twenty-four  hours.  Noel-Paton,  Mayo-Robson,  Hammarsten. 
Pfahk  and  Balch,  and  Brand1  have  found  a  variation  between  514  and 
1083  c.  c.  per  twenty-four  hours.  Such  determinations  are  of  doubtful  value, 
because  in  most  cases  it  follows  from  the  composition  of  the  collected  bile 
that  the  fluid  is  not  the  result  of  a  secretion  of  normal  liver  bile. 

The  quantity  of  bile  secreted  is,  however,  as  specially  shown  by  Stadel- 
mann,*  subject  to  such  great  variation  even  under  physiological  c 
that  the  study  of  these  circumstances  which  influence;  the  secretion  is  very 
difficult  and  uncertain.     The  contradictor}'  statements  by  different  investi- 
gators may  probably  be  explained  by  this  fact. 

In  starvation  the  secretion  diminishes.  According  to  Lit  kj  a  now  and 
Albertoni,3  under  these  conditions  the  absolute  quantity  of  solids  de- 
creases, while  the  relative  quantity  increases.  After  partaking  of  food  the 
secretion  increases  again.  The  statements  are  very  contradictory  in  regard 
to  the  time  necessary  after  partaking  of  food  before  the  secretion  reaches 
its  maximum.  After  a  careful  examination  and  compilation  of  all  the 
existing  statements  Heideniiain  *  has  come  t<»  the  conclusion  that  in  dogs 
the  curve  of  rapidity  of  secretion  shows  two  maxima,  the  first  at  the  third 
to  fifth  hour  and  the  second  at  the  thirteenth  to  fifteenth  hour,  after  par- 
taking of  food.  According  to  Barbara*  the  time  when  the  maximum 
occurs  is  dependent  upon  the  kind  of  food.  With  carbohydrate  food  it 
is  two  to  three  hours,  after  proteid  food  three  to  four  hours,  and  with 
diet  it  is  five  to  seven  hours  after  feeding. 

According  to  the  older  statements,  the  proteids,  of  all  the  various  fc 
cause  the  greatest  secretion  of  bile,  while  the  carbohydrates  diminisl 
at  least  excite  much  less,  than  the  proteids.  This  coincides  with  the  recent 
observations  of  Barbara.  The  authorities  are  by  no  means  agreed  as  to 
the  action  of  the  fats.  While  many  older  investigators  have  not  observed 
any  increase,  but  rather  the  reverse,  in  the  Nontkffl  of  bile  after  feeding 
with  fats,  the  researches  of  Barbera  show  an  undoubted  increase  in  the 


sonderung.  in  Hermann's  Handbuch  der  Physiol.,  o.  and  Stadclmann,  Dor  Icterus  und 
seine  vewchicdenen  Fornien  (Stuttgart,  1891). 

1  R&nke,  Dio  Blutvertheilung  und  dor  Thatigkcitsw&'hsel  der  Organe  (Leipzig. 
1871);Noil-Paton.  Rep  Lid.  Hoy  Coll.   Edinburgh,  I;  Mayo-Robson.  Proc 
47.   Hammarsten,  Nova  act   Reg,  Boo,  Scient.  Upsala  (3),  16;   Pfafl  and  Balch,  Journ 
of  Exp  Med.,  1897;   Brand.  Pfliiger's  Arch.,  90. 

1  Stadclmann,  Der  Icterus,  etc.     Stuttgart,  1891. 

1  Lukjanow,  Zeitschr    f.  phyaiol.  Chora.,  16;   Albertoni,  Recherche*  iur  la  secre- 
tion bdiairc.     Turin,  1893. 

•  Hermann's  Handb.,  a,  and  Stadelmann,  Der  Icterus,  etc. 

*  Centralbl.  f.  Physiol..  12  and  16. 
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secretion  of  bile  on  fat  feeding,  greater  even  than  after  carbohydrate  feed- 
ing. According  to  Rosknbero  olive-oil  is  a  strong  cholagogue,  a  statement 
lelxkh,  according  to  other  investigators — Mandelstamm,  Doyon  and 
Oc-Tfourt1 — is  not  sufficiently  proved 

As  Bakbera  has  shown,  a  close  relationship  exists  between  the  bile  secre- 
tion and  the  quantity  of  urea  formed,  as  an  increase  in  the  first  goes  hand 
in  hand  with  an  increase  of  the  latter.  The  bile  is,  therefore,  according  to 
him,  a  product  of  disassimilation,  whose  quantity  rises  and  falls  with  the 
degree  of  activity  of  the  liver. 

The  question  whether  there  exist  special  medicinal  bodies,  so-call< Bd 
cHolagogucs,  which  have  a  specific  excitant  action  on  the  secretion  of  bile 
has  been  answered  in  very  ilifTerent  ways.  Many,  especially  the  older 
investigators,  have  observed  an  increase  in  the  bile  secretion  after  the  use 
of  certain  therapeutic  agents,  such  as  calomel,  rhubarb,  jalap,  turpentine, 
olive-oil,  etc.;  while  others,  especially  the  more  recent  investigators,  have 
axTived  at  quite  opposite  results.  From  all  appearances  this  contradiction 
is  due  to  the  great  irregularity  of  the  normal  secretion,  which  may  be  readily 
mistaken  in  tests  with  therapeutic  agents. 

Schiff's  view,  that  the  bile  absorbed  from  the  intestinal  canal  increases 
tile  secretion  of  bile  and  hence  acts  as  a  cholagogue,  seems  to  be  a  positb  i 
proven  fact   by   the   investigations   of  several   experimenters.1    Sodium 
salicylate  is  also  perhaps  a  cholagogue   (Stadelmann,  Doyon  and  Du- 
*OiTrr). 

The  bile  is  a  mixture  of  the  secretion  of  the  liver-cells  and  the  so-called 

TOucus  which  is  secreted  by  the  glands  of  the  biliary  passages  and  by  the 

dub  membrane  of  the  gall-bladder.     The  secretion  of  the  liver,  whirl) 

18  generally  poorer  in  solids  than  the  bile  from  the  gall-bladder,  is  thin  and 

cfear,  while  the  bile  collected  in  the  gall-bladder  is  more  ropy  and  visooos 

0r*  account  of  the  absorption  of  water  and  the  admixture  of  "mucus,"  and 

c'"'Jdy  because  of  the  admixture  of  cells,  pigments,  and  the  like.    The 

fPeeific  g)  i  the  bile  from  the  gall-blader  varies  considerably,  being 

111  roan  between  1.010  and  1.040.     Its  reaction  is  alkaline  to  litmus.     The 

changes  in  different  animals;  golden-yellow,  yellowish-brown,  olive- 


'  Barbara,  Bull,  della  acienz.  med.  di  Bologna  (7),  h,  and  Maly's  Jahresber.,  24,  and 

T^tfalbl.  f.  Physiol.,  12  and  16;  Rosenberg.  Pflugcr's  Arch.,  46;   Mandelstamm,  Ucber 

T*,tl  Einflu»ciniger  ArriK-imittr!  MJ  o  und  ZuaamraenactzungderGalle  (Dissert. 

^>rpat,  1890);  Doyoa  aa  I  I  ufourt,  Arch,  de  Physiol.  (5),  9.     In  regard  to  tho  action 

varioua  foods  on  the  secretion  of  bile  see  also  Ileidenhnin,  1.  c. ;  Stadclmann,  Der 

°t«ruH;  and  Barbera,  1.  c .;  A.  Falloise,  Bull.  dal'AafMl    Roy.  dfl  Belgique,  No.  8,  1903. 


Id 


1  SchifT,  Pfluger's  Arch.,  3.     See  Stadelmann,  Der  Icterus,  and  the  dissertations  of 


*•  pupils,  especially  Winteler,  "Experimsntolle  Beitrrige  zur  Frage  dee  Krcisluufes 


Jl«"  ilnaug.-Diss.  Dorpat,  1892),  and  Gartner,  " Experimentelle  Beitrage  zur 


a|Qyaiol.  und  Path,  der  Gallensekretion"  (Inaug.-Diss.  Jurjew,  1893);  also  Stadelmann, 
*J«*er  den  Kreislauf  der  Galle,"  Zeitschr.  f.  Biologie,  34. 
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brown,  brownish-green,  grass-green,  or  bluish-green.  Bile  obtained  from 
an  executed  person  immediately  after  death  is  ordinarily  golden-yellow  or 
yellow  with  a  shade  of  brown.  Still  cases  occur  in  which  fresh  human  bile 
from  the  gall-bladder  has  a  green  color.  The  ordinary  post-mortem  bile 
has  a  variable  color.  The  bile  of  certain  animals  has  a  peculiar  odor;  as 
example,  ox-bile  has  an  odor  of  musk,  especially  on  warming.  The  taste 
of  bile  is  also  different  in  different  animals.  Human  as  well  as  ox-bile  has 
B  hitter  taste  with  a  sweetish  after-taste.  The  bile  of  the  pig  and  rabbit 
has  an  intensely  persistent  bitter  taste.  On  heating  bile  to  boiling  it  does 
not  coagulate.  It  contains  (in  the  ox)  only  truces  of  true  mucin,  and  its 
ropy  properties  depend,  it  seems,  chiefly  on  the  presence  of  a  nucleoalbumin 
similar  to  mucin  (Pajjkuli.)  II  ammarstkn  '  has.  on  the  contrary,  found 
true  mucin  in  human  bile.     The  specific  constituen-  bile  are  bile- 

acids  combined  with  alkalies,  bile. -pigments,  and,  besides  small  quantities  of 

n.  choUsUrin,  soaps,  neutral  fats,  urea,  ethereal  sulphuric  acid,  traces 
of  conjugated  glucuronic  acids  and   mineral  tub  flfly   nhloridea, 

besides  phosphates  of  calcium,  magnesium,  and  iron.  Traces  of  copper 
also  occur. 

Bile-salts.    The  bile-acids  which  thus  far  have  best  been  studied  may 
'•■ided  into  two  groups,  the  glycochv  \irocholic  acid  groups 

found  by  Hammmi-tv.n-,2  a  third  group  of  bile-acids  occurs  in  the  shark  and 
also  in  other  animals.    Tim  arc  rich  in  sulphur,  and  like  the  ethe- 
real sulphuric  acids  they  split    nfT  sulphuric  acid  on  bo  h    hydro- 
chloric acid.   All  glycocholic  acids  contain  nitrogen,  but  are  free  from  sulphur 

an  Ik?  split  with  the  addition  of  water  into  glycocoll  (aminoacetic  arid) 
and  a  nitrogen-free  acid,  d  All  taurocholic  acids  contain  nitrogen 

and  sulphur  ami  are  split,  with  the  addition  of  water,  into  taurin  (amino- 
ethylsulphonic  arid)  and  cholie  acid.    The  reason  for  the  |  of  differ- 

>:holic  and  taurocholic  acids  depends  on  the  fact  that  there  are 
several  eholic 

Tl»e  conjuent  Sound  fa  the  shark,  and  called  ncymnol  sidphurie  acid 

>  lutAKST'  us  cleavage  products  sulphuric  acid  and  a  non-iu 

?uh*tanre,  seymnol  (C^H^O^).  which  gives  the  characteristic  color  reactions  of 
cholie  acid. 

The  different  bile-acids  occur  in  the  bile  as  alkali  salts,  general!', 
iiiation  with  sodium  and  also  in  sea-fishes,  although  this  is  contrary 
to  the  older  stat«  'wetti1).     In  the  bile  of  certain  animate  we 

almost  solely  glycocholic  acid,  in  others  only  taurocholic  acid,  and 
in  other  animals  a  mi\  further  on). 


•  Paijkidl.  Ztitaehr.  f  phyriol.  Cbrm  ,  IS;  Hammanlco.  1  c,  Nov*  Act.  (3\  IS 
1  HaramarsUo.  Zciterhr   f    phvriol.  Chen,  21 
• Be*  Chem.  Centralbl .  1903,  1. 180. 
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All  alkali  salts  of  die  biliary  acids  are  soluble  in  water  and  alcohol,  but 
insoluble  in  ether.  Their  solution  in  alcohol  is  therefore  precipitated  by 
her,  and  this  precipitate .  with  proper  care  in  manipulation,  gives,  for 
nearly  all  kinds  of  bile  thus  far  investigated,  rosettes  or  balls  of  fine  needles 
or  four-  to  six-sided  prisms  (Plattnfr's  crystallized  bile).  Fresh  human 
bile  also  crystallizes  readily.  The  bile-acids  and  their  salts  are  optically 
active  and  dextrorotatory.  The  format  are  dissolved  by  concent  rate*!  sul- 
phuric add  ordinary  temperature,  forming  a  reddish-yellow  liquid 
which  has  a  beautiful  green  fluorescence.  On  carefully  winning  with  con- 
oenuated  sulphuric  acid  and  a  little  cane-sugar,  the  bile-acids  give  a  beauti- 
ful cherry-red  or  reddish-violet  liquid.  Pkttknk.ofkr's  reaction  for  bile- 
acids  is  based  on  this  behavior. 

Pette.vkofer's  test  for  bile-acids   is  performed  as  follows:    A  small 

quantity  of  bile  in  substance  is  dissolved  in  a  small  porcelain  dish  in  con- 

kttnted  sulp'c  ■  ■  some  of  tin-  liquid  containing  the 

i         Tieentratcd  sulphuric  acid.,  taking  special  care  in 

both  cases  that   the  temperature  dors  w>\.  rise  higher  than  60-70°  C.     Then 

*   10  per  cent  solution  of  cane-sugar  is  added,  drop  by  drop,  continually 

•vith  a  glass  rod.    The  presence  of  bile  is  indicated  by  the  produc- 

beatltiful  red  liquid,  whose  color  does  not  disappear  at  the  ordinary 

ternperature,  but  becomes  more  bliidi  violet  in  the  course  of  a  day.     This 

liquid  shows  a  spectrum  with  two  absorption-bands,  the  one  at  F  and 

On  Btween  D  and  K,  near  K. 

This  extremely  delicate  test  fails,  however,  when  the  solution  is 
heated  too  high  or  if  an  improper  quantity — generally  too  much— of 
the  sugar  is  added.  In  the  last-mentioned  case  the  sugar  easily  car- 
bonizes and  the  test  becomes  brown  or  dark  brown.  The  reaction  fails 
tf  the  sulphuric  acid  contains  sulphurous  acid  or  the  lower  oxides  of  nitro- 
£^n.  Many  other  substances,  such  as  proteids,  oleic  acid,  amy]  alcohol, 
aud  morphine,  give  a  similar   reaction,  and    therefore  in  doubtful   cases 

(spectroscopic  examination  of  the  red  solution  must  not  be  for- 
gotten. 
FSB  OFBB's  test  for  the  bfte-aeicfa  depends  essentially  ou  the  fact 
that  furfurol  is  formed  from  the  sugar  by  the  sulphuric  acid,  and  this  body 
^D  therefore  be  substituted  for  the  sugar  in  this  test  (Myi.ii  si.  Accord- 
Ivlius  and  V.  Udranszky1  a  1  p.  m.  solution  of  furfurol  should 
y^  used.  Dissolve  the  bile,  which  must  first  be  purified  by  animal  charcoal, 
***  alcohol.  To  each  cubic  centimeter  of  alcoholic  solution  of  bile  in  a  test- 
add  1  drop  of  the  furfurol  solution  and  1  c.  c.  concentrated  sul- 
phuric acid,  and  cool  when  necessary,  so  that  the  test  does  not  become  too 
^"arm.    This  reaction,  when  performed  as  described,  will  detect  fa  to  ^j 


1  Mylius,  Zeitschr.  f.  pbysiol.  Chan.,  11;  v.  Udrans*ky,  ibid.t  12. 
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milligram  cholic  acid  (v.  Udranszky).  Other  modifications  of  Petten- 
kofkr's  test  have  been  proposed. 

Glycocholic  Acid.  The  constitution  of  the  glycocholic  acid,  occurring 
in  human  and  ox-bile,  and  which  has  been  most  studied  is  represented  by 
the  formula  CjalluNO,.  Glycocholic  acid  is  absent  or  nearly  so  in  the  bile 
of  carnivora.  On  boiling  with  acids  or  alkalies  this  arid,  which  is  analogous 
to  hippuric  acid,  is  converted  into  cholic  acid  and  glycocoll. 

( dycocholic  acid  crystallizes  in  fine,  colorless  needles  or  prisms.  It  is 
soluble  with  difficulty  in  water  (in  about  300  parts  cold  and  120  parte  boil- 
ing water),  and  is  easily  precipitated  from  its  alkali-salt  solution  by  the 
addition  of  dilute  mineral  acids.  It  is  readily  soluble  in  strong  alcohol,  but 
with  great  difficulty  in  ether.  The  solutions  have  a  bitter  but  at  the  same 
time  sweetish  taste.  The  arid  melts  at  13S-140°C.  (Mkdvkdkw  ').  The 
salts  of  the  alkalies  and  alkaline  earths  are  soluble  in  alcohol  and  water; 
those  of  the  heavy  metals  are  mostly  insoluble  or  soluble  with  difficulty 
in  water.  The  solution  of  the  alkali  salts  in  water  is  precipitated  by  sugar 
of  lead,  cupric  and  ferrir  salts,  and  silver  nitrate. 

Glycocholeic  Acid  is  a  second  glycocholic  acid,  first  isolated  by  Waiil- 
ckkn  *  from  ox-bile  and  has  the  formula  C„HwNOj  or  CrH^X06.  This 
arid,  which  on  hydroljrtfo  cleavage  yi.-lds  glycoroll  and  choleic  arid,  has 
also  been  detected  in  human  bile  and  the  bile  of  the  musk-ox   (IIamuak- 

8TEN  '). 

(.llycocholeic    acid    may,  like    glycocholic   arid,   crystallize   in    tufts  of 
fine  needles,  but  is  often  obtained  as  short  thick  prisms.    It  is  much  more 
insoluble  in  water,  even  on  boiling,  than  glycocholic  acid,  and  it  mc •! 
176-176°  C.    The  alkali  salts  are  soluble  in  water  and  have  a  pure  bitter 
taste  and  are  more  readily  precipitated  by  neutral  salts  (NaCl)  thai 
glycocholatcs.      The  solution  Of  the  alkali  salts  Is  not  only  precipit 
by  the  salts  of  the  heavy  metals,  but  also  by  the  salts  of  barium,  ctlc 
and  magnesium. 

The  preparation  of  the  pure  glycocholic  acids  may  be  performed  in  several 
ways.    The  bile,  which  has  been  fn  ed  from  mucus  by  means  of  al 
the  alcohol  removed  by  evaporation,  may  l>e  precipitated  by  a  ^ 
lead  acetate.    The  precipitate  is  then  decomposed  by  a  soda  solution  and 
heat,  evaporated  to  dryness,  and  the  residue  extracted  with  alcohol,  which 
dissolves  the  alkali  clyroeholate.    The  alcohol  is  distilled  from  tl, 
solution  and  the  re  solved  in  water:  this  solution  is  now  decofc  I 

by  animal  charcoal  and  the  glycocholic  arid  precipitated  from  th> 

he  addition  of  a  dilute  mineral  acid.     The  mixture  of  th 
cnolic  acids  is  freed  from  mineral  acid  by  carefully  washing  with  water 


•Centralbl.  f.  Physiol.,  14. 

'  Zeitachr.  f.  physiol.  Chem.,  86. 

1  Not  published. 
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and  then  boiled  with  water,  when  the  glycocholic  Hold  dluuulvw  anil  may 
fc>o  obtained  from  the  filtrate  as  crystals  on  cooling.    The  gijoochol 

wri  th  insformed  glycocholic  acid  (paraglyeocholic   IflSd)   remains 

ed  and  may  bt  1  by  converting  it  into  the  insoluble  barium 

sa.1t.  starred  to  more  exhaustive  works  for  other  methods 

o£"  preparation. 

Hjo-glycocholic  Acid,  CyIIuNOj,  is  the  Crystalline  glycol  holic  ined 

F«-«=xnthc  nil'-  ->f  the  pig.      It  is  wry  insoluble  iii  water.     The   alkali    salts,  whoce 

B<->lutiona  have  an  intently   hitter  taste,  without  any  sweetish  after-taste,  are 

I  by  CaCU  I  I  MgClj,  and  may  be  salted  out  like  a  soap  by 

•il  quantity.     Besides  this  acid  there  occurs  in  the 

l_>ile  of  the  pig  still  another  gh  tad  (Jolxn1). 

The  plycocholate  in  the  bile  of   the  rodent  is  also  precipitated  by  the  above- 

rm^ntioned  salts,  but  cannot,  like  the  corresponding  salt  in  human  Of  OX-btle,  be 

j  •»  i  on  saturating  with  ;i  neutral  salt  (Na,S04).     Guano  bile-acid  possibly 

1L»elong9  to  the  glycod  1  group,  and  is  found  in  Peruvian  guano,  but  has 

not  been  thoroughly  studied. 

Taurocholic  Acid.  This  acid,  which  is  found  in  the  bile  of  man.  ear- 
riivnra,  oxen,  and  a  few  other  hcrbivora.  such  as  sheep  and  goats,  has  the 
utution  C^H^N'SO;.  On  boiling  with  acids  and  alkalies  it  splits  into 
choli,-  arid  and  taurin. 

Taurocholic  acid  may  be  obtained,  though  only  with  difficulty,  in  fine 
needles  which  deliquesce  in  the  air  (Parke  *).  It  is  very  soluble  in  water 
and  ran  hold  the  difficultly  soluble  glyooobolk  acid  in  solution.  This  is 
the  reason  why  a  mixture  of  glycocholate  with  a  sufficient  quantity  of 
tarn.  1 1.  :i  occurs  in  ox-bile,  is  not  precipitated  by  a  dilute 

*cid.  Taurocholic  acid  is.  readily  soluble  in  alcohol,  but  insoluble  in  ether. 
Its  solutions  have  a  bitter-sweet  taste,  1 1  -  ^alts  are,  as  a  rule,  readily  solu- 
ble in  water,  and  the  solutions  of  the  alkali  salts  are  not  precipitated  by 
C0Pper  .sulphate,  silver  nitrate,  or  sugar  of  lead.  Basic  lead  acetate  gives, 
0r»  the  contrary,  a  precipitate  which  is  soluble  in  boiling  alcohol. 

Taurocholic  acid  is  best  prepared  from  decolorized,  crystallized  dog-bile, 
*Hich  contains  only  taiirocholate.     The  solution  of  this  bile  is  precipitated 

uric  lead  acetate  and  ammonia  and  the  washed  precipitate  dlssojvi 
filing  alcohol.    The  filtrate  is  now  treated  with  IKS,  and  this  filtrate  is 
*vaporated  at  a  gentle  heat  to  a  small  volume  and  treated  with  an  excess 
°f  Water-free  ether.     The  arid  sometimes  partially  crystallizes. 

.  Cheno-taurocholic  Acid.  This  is  the  most  essential  acid  of  goose-bile  and 
"*s  the  formula  CjjH^N.SOg.  This  acid,  though  little  studied,  is  amorphous 
*nd  soluble  in  water  and  alcohol. 

The  taurocholic  acids  differ  from  the  glycocholic  acids  in  being  readily 
^luble  in  water.  In  the  bile  of  the  walrus,  on  the  contrary,  a  relatively 
'^soluble,  Modify  crystallizable  taurocholic  acid  occurs  which  can  be  pre- 

1  Zeitachr.  f.  phyaiol.  Chem.,  12  and  13. 

'  Hoppe-Scyler,  Med. -chem.  Untcreuch.,  160. 
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cipitated  from  the  solution  of  the  alkali  salts  by  the  addition  of  miner^^ 
acids,  similar  to  glycocholic  acid  (Hammarsten  x). 

As  repeatedly  mentioned  above,  the  two  bile-acids  split  on  boiling  wit 
acids  or  alkalies  into  non-nitrogenous  cholic  acids  and  glycocoll  or  taurii 
Of  the  various  cholic  acids  the  following  have  been  best  studied. 

Cholic  Acid  or  Cholalic  Acid.  The  ordinary  cholic  acid  obtained  as  mmsst. 
decomposition  product  of  human  and  ox-bile,  which  occurs  regularly  in  th*— -  e 
contents  of  the  intestine  and  in  the  urine  in  icterus,  has,  according  tca»"0 
Strecker  and  nearly  all  recent  investigators,  the  constitution  C^H^O, 

(CHOH 
C,0HS1  •<  (CH2OH)a.    According   to   Mylius,8  cholic   acid   is   a   monobasic—  .c 

(  COOH 
alcohol-acid  with  one  secondary  and  two  primary  alcohol  groups.    On  oxic 
tion  it  first  yields  dehydrocholic  acid  (Hammarsten).    On  further  oxidatioi 
bilianic  acid,  CMHM08  (Cleve),  is  obtained,  or,  more  correctly,  according  U 
Lassar-Cohn  and  Pregl,  a  mixture  of  bilianic  and  isobilianic  acids.    Oi 
the  oxidation  of  bilianic  acid  it  yields  cilianic  acid  (Lassar-Cohn),  whc 
formula,  according  to  Pregl,  is  ^H^O,.    On  stronger  oxidation  it  yie 
cholesterinic  acid,  which  has  not  been  carefully  studied,  and  finally  phthalfiSSc 
acid,  as  maintained  by  Senkowski,  but  not  substantiated  by  Bulnheimi 
Pregl.3    On  reduction  (in  putrefaction)  cholic  acid  may  yield  desoxycholi 
acid,  C^H^O,  (Mylius).    On  reduction  with  hydriodic  acid  and  red  phc 
phorus  Pregl  obtained  a  product  which  he  considers  as  a  monocarbonic  acic 

(  CH2 
with  the  formula  C20H„  <  (CHS)2.   Senkowski  has  obtained  an  acid  with  tb=ie 
(  COOH 

formula  C24H40O2,  chohjlic  acid,  on  the  reduction  of  the  anhydride.4 

Cholic  acid  crystallizes  partly  in  rhombic  plates  or  prisms  with  01— M^ 
molecule  of  water  and  partly  in  larger  rhombic  tetrahedra  or  octahed««e=ra 
with  1  molecule  of  alcohol  of  crystallization  (Mylius).  These  erysta***** 
become  quickly  opaque  and  porcelain-white  in  the  air.  They  are  quif^""t« 
insoluble  in  water  (in  4000  parts  cold  and  750  parts  boiling),  rather  solub«=>le 
in  alcohol,  but  soluble  with  difficulty  in  ether.  The  amorphous  cholic  ac  "id 
is  less  insoluble.  The  solutions  have  a  bitter-sweetish  taste.  The  cry"-1— * 
tals  lose   their  alcohol  of  crystallization  only  after  a  lengthy  heating  to 

100-120°  C.    The  acid  free  from  water  and  alcohol  melts  at  195°  C.  R 

forms  a  characteristic  combination  with  iodine  (Mylius). 

1  Not  published, 

2  The  important  researches  of  Strecker  on  the  bile-acids  may  be  found  in  AnnaL         » 
Chem.  u.  I'harm.,  (».">,  07,  and  70;  Mylius,  Ber.  d.  deutsch.  chem.  Gesellsch.,  19. 

5  Hammarsten,  Her.  d.  deutsch.  chem.  Gesellsch.,  14;  Cleve,  Bull.  Soc.  chim.,  W0*t 
Lassar-Cohn,  Ber.  d.  d.  chem.  Gesellsch.,  32;  Pregl,  Wien.  Sitz.-Ber.,  Ill,  1902;  S<5-»- 
kowski,  Monatsheftc  f.  Chem.,  17 ;  Bulnheim,  Zcitschr.  f.  physioL  Chem.,  2o,  in  which  t»S* 
literature  on  cholesterinic  acid  may  be  found. 

4  Mylius,  1.  c;  Pregl,  Pfluger's  Arch.,  71;  Senkowski,  Monatshefte  f.  Chem.,  19. 
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The  alkali  salts  are  readily  soluble  in  water,  but  when  treated  with  a 
concentrated  caustic  or  carbonated  alkali  solution  may  be  separated  as  an 
oily  mass  which  becomes  crystalline  on  cooling.  The  alkali  salts  are  not 
readily  soluble  in  alcohol,  and  on  the  evaporation  of  the  alcohol  they  may 
crystallize.  The  specific  rotatory  power  of  the  sodium  salt  is  (a)u=  + 
31.40.1  The  watery  solution  of  the  alkali  salts,  when  not  too  dilute,  is 
precipitated  immediately  or  after  some  time  by  sugar  of  lead  or  by  barium 
chloride.  The  barium  salt  crystallizes  in  fine,  silky  needles,  and  it  is  rather 
insoluble  in  cold  but  somewhat  easily  soluble  in  warm  water.  The  barium 
salt,  as  well  as  the  lead  salt  which  is  insoluble  in  water,  is  soluble  in  warm 
alcohol. 

Choleic  Acid  (C^H^O,,  Latschinoff)  is  another  cholic  acid  which, 
according  to  Lassar-Cohn*  has  the  formula  C24H40O4.  This  acid,  which 
occurs  in  varying  but  always  small  quantities  in  ox-bile,  yields  dehydro- 
choieic  acid,  C^H^O^,  and  then  cholanic  odd,  C^H^Og,  and  isocholanic  acid 
on  oxidation. 

Choleic  acid  crystallizes  when  free  from  water  in  hexagonal,  vitreous 
prisms  with  pointed  ends,  melting  at  185-190°  C.  The  crystalline  acid  con- 
taining water  melts  at  135-140°  C.  (Latschinoff).  The  acid  dissolves  in 
water  with  difficulty  and  is  also  relatively  difficultly  soluble  in  alcohol.  It 
has  an  intense  bitter  taste  and  gives  the  Mylius  iodine  reaction  for  cholic 
acid.  The  specific  rotation  is  (a)o=  +48.87°  (Vahlen).  The  barium 
salt  which  crystallizes  from  the  hot  alcoholic  solution  as  spherical  aggre- 
gations of  radial  needles  is  more  difficultly  soluble  in  water  than  the 
corresponding  cholate. 

The  relation  of  choleic  acid  to  desoxycholic  acid  is  not  known.  .  Accord- 
!*M5  to  Latschinoff  and  Lassar-Cohn  both  acids  are  identical,  and  the  fact  that 
*«e  desoxycholic  acid  on  oxidation  also  yields  dehydrocholeic  acid  and  cholanic 
acid  seems  to  prove  this  (Pregl).  Desoxycholic  acid  is,  on  the  contrary,  readily 
soluble  in  alcohol  and  has  a  lower  melting-point,  namely  172-173°  C,  when  free 
from  water  (Pregl).  For  this  reason  Pregl1  questions  whether  these  acids  are 
Klentical  or  are  isomeric  substances. 

Both  cholic  acids  are  best  prepared  from  ox-bile  which  has  been  boiled 
'or  twenty-four  hours  with  baryta-water  or  caustic  soda.  According  to 
^"Xlius, 4  boil  the  bile  for  twenty-four  hours  with  five  parts  its  weight  of  a  30 
F^i  cent  caustic-soda  solution,  replacing  the  water  lost  by  evaporation.  Now 
f^turate  the  liquid  with  CO,  and  evaporate  nearly  to  dryness.  The  residue 
18  extracted  with  96  per  c^nt  alcohol  and  this  alcoholic  extract  diluted 
^ith  water  until  it  contains  at  the  most  20  per  cent  alcohol ;  it  is  then  com- 

1  See  Vahlen,  Zeitschr.  f.  physiol.  Chem.,  21. 

'Latschinoff.  Ber.  d.  deutsch.  chem.  Gesellsch.,  18  and  20;  Lassar-Cohn,  ibid.,  26, 
***d  Zeitachr.  f.  physiol.  Chem.,  17.     See  also  Vahlen,  Zeitschr.  f.  physiol.  Chem.,  23. 

1  Wien.  Sits.-Ber.,  Ill;  Math.  Naturw.  KL,  1902;  Latschinoff,  1.  c;  Lassar-Cohn, 
l  C    See  also  Mylius,  Ber.  d.  d.  chem.  Gesellsch.,  19. 

'Zeitschr.  f.  physiol.  Chem.,  12. 
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pletcly  precipitated  with  a  BaCl,  solution.    The  precipitate,  which  contains 

besides  fatty  acids  also  the  choleic  acid,  is  filtered  and  the  cholie  acid  prr- 

i  led  from  the  filtrate  by  hydrochloric  acid.     After  the  cholie  acid  lias 

illy  crystallized  out  it  is  repeatedly  recrystallized  from  alcohol  or 

methyl  alcohol. 

Choleic  Mid  may  be  obtained  from  the  above-mentioned  barium  pre- 
cipitAte  by  first  converting  the  barium  salt  into  sodium  salt  by  sodium  car- 
bon*!* and  then  fractionally  precipitating  the  fatty  acids  by  barium  acetate 
and  Mparating  U»  cboWl  acid  from  the  filtrate  by  hydrochloric  acid  and 
tallizing  several  times  fnmi  glacial  acetic  acid. 
Pregl1  has  suggested  a  somewhat  different  but  simpler  method  for 
preparing  cholie  acid  and  obtaining  the  desoxycholic  acid  trom  ox-bile.  In 
regar  as  well  as  other  methods  of  preparation  we  must  refer  to 

the  original  communications  and  to  other  handbooks. 

» 

Fellic   Acid,  C^H^O,.  is  a  cholie  acid,  so  called  by  Schottev,  which 
he  obtained  from  human  bile,  along  with  the  ordinary  acid.    This  acid  is 
insoluble  in  water,  and  yields  barium  and  magnesium  salts 
which  in  very  insoluble.     It  does  not  respond  to  Pkttknkofer's  reaction 
1  gives  a  more  reddbh-blue  color. 
The  conjugate  acids  of  human  bile  have  not  been  sufficiently  investi- 
gated.    To  all  appearance  human  bile  contains  under  different  circum- 
stances various  conjugate  bile-acids.    In  some  cases  the  bile-salts  of  human 
bile  are  precipitated  by  BaCl,  and  in  others  not.     According  to  the  latest 
EMQtl   of  I.vssar-Oohn  *  three  cholie  acids  may  be  prepared   from 
human  bile,  namely,  ordinary  chouc  acio.  choleic  acio,  and  kki.i.ic  acid. 

UthoftUic  Add,  WV  b  the  acid  related  to  eholic  acid  which  occurs  in 
the  oriental  beaoar  stoma,  which  ts  insoluble  in  water,  comparatively  easily  solo* 
blr  in  alcohol,  hot  only  slifchtly  soluble  in  ether.* 

The  hyo-grycocholic  and  cheno-taurochofie  acids,  as  well  as  the  glyeo- 
cbohc  acid  of  the  bile  of  rodents,  yield  corresponding  cholie  acids.  In  the 
pokr  bear  a  thinl  cholie  acid  exists  besides  cholie  and  choleic  acids.  It 
at  called  «ra»r*alnr  acid,  CltH,»(\  or  C^H^O.  (HaMMAJtsrcc •).  The  bile 
of  other  aaJnafe  (walrus,  sea-dojO  contains  special  cholie  acids  (Hammab- 

Oo  boiling  with  acids,  on  putrefaction  in  the  intestine,  or  on  heating* 
choke  acta*  Vw  water  and  are  converted  into  anhydrides,  the  so-called 
The  dyajysin    l\,HMiY  correspoading  to  ordinary  cholie  acid. 


11 


Bar.  4 


■»aiaid 


aBleUarhtarmtara). 


BILE-PIGMENTS. 


209 


which  occure  in  fseces,  is  amorphous,  insoluble  in  water  and  alkalies. 
Chnloidic  acid,  C„II„04,  is  called  the  first  anhydride  or  an  intermediary 
product  in  the  formation  of  dyslysin.  On  boiling  dyslysins  with  caustic 
alkali  they  are  reconverted  into  the  corresponding  choEc  acid. 

The  Detection  of  Bile-acids  in  Animal  Fluids.  To  obtain  tho 
bile-acids  pure  so  that  Pkttknkokkr's  test  can  be  applied  to  them,  the 
proteid  and  fat  must  first  be  removed.  The  proteid  is  removed  by  making 
the  liquid  first  neutral  and  then  adding  a  great  excess  of  alcohol,  so  that 
the  mixture  contain  at  least  85  vols,  per  cent  of  water-free  alcohol.  Now 
filter,  extract  the  precipitated  proteid  with  fresh  alcohol,  unite  all  filtrates, 
distill  the  alcohol,  and  evaporate  to  dryness.  The  residue  is  complete]? 
exhausted  with  strong  alcohol,  filtered,  anil  the  alcohol  entirely  evaporated 
boon  the  filtrate.  The  new  residue  is  dissolved  in  water,  and  filtered  if 
necessary,  and  the  solution  precipitated  by  basic  lead  acetate  and  am- 
ni'»nia.  The  washed  precipitate  is  dissolved  in  boiling  alcohol,  filtered  while 
*arm,  and  a  few  drops  of  soda  solution  added.  Then  evaporate  to  dryness, 
extract  the  residue  with  absolute  alcohol,  filter,  and  add  an  excess  of  ether. 
The  precipitate  now  formed  may  be  used  for  I'kttenkofkiTs  test.  It  is 
-lecessary  to  wait  for  a  crystallization ;  but  one  must  not  consider  the 
cr>"stals  which  form  in  the  liquid  as  being  positively  crystallized  bile.  It  is 
*lso  possible  for  needles  of  alkali  acetate  to  be  formed".  For  the  detection 
°f  bile-acids  in  urine  see  Chapter  XV. 

Bile-pigments.  The  bile-coloring  matters  known  thus  far  are  relatively 
DUmerous,  and  in  all  probability  there  are  still  more.  Most  of  the  known 
bile-pigments  arc  not  found  in  the  normal  bile,  but  occur  either  in  post- 
:'»<»rtem  bile  or  principally  in  the  bile  concrements.  The  pigments  which 
occur  under  physiological  conditions  are  the  reddish-yellow  bilirubin,  the 
g*"een  bUiverdin,  and  sometimes  also  urobilin  or  a  closely  related  pigment. 
T*Ke  pigments  found  in  gall-stones  are  (besides  the  bilirubin  and  bUiverdin) 
W  ijusein,  bUipra&in,  bilihumin,  bilicyanin  (and  choletelin?) .  Besides  these, 
°tHers  have  been  noticed  by  various  observers  in  human  and  animal  bile. 
TVie  two  above-mentioned  physiological  pigments,  bilirubin  and  bUiverdin, 
**"e  those  which  .serve  to  give  the  golden-yellow  or  orange-yellow  or  some- 
times greenish  color  to  the  bile,  or  when,  as  is  most  frequently  the  case  in 
ox-bile,  the  two  pgiments  are  present  in  the  bile  at  the  same  time,  pro- 
ducing the  different  shades  between  reddish-brown  and  green. 

Bilirubin.  This  pigment,  according  to  the  common  acceptation,  has  the 
formula  CmHmNjO,  (Malt)  and  is  designated  by  the  names  choleptrrhtn, 
b1liph.£IN,  bixjfulvin,  and  ilematoiddj.  It  occurs  chiefly  in  the  gall-stones 
18  bilirubin-calcium.  Bilirubin  is  present  in  the  liver-bile  of  all  vertebrates, 
*nd  in  the  bladder-bile  especially  in  man  and  carnivora;  sometimes,  however, 
J^e  latter  when  fasting  or  in  a  starving  condition  may  have  a  green  bile. 
11  f 'crura  also  in  the  contents  of  the  small  intestine,  in  the  blood-serum  of  the 
*or5e,  in  old  blood  extravasations  (as  hrematoidin),  and  in  the  urine  and 
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the  yellow-colored  tissue  in  icterus.  It  in  converted  into  hydrobilirubin, 
CBH4()N40,  (Maly),  by  hydrogen  in  a  nascent  state,  and  then  shows  great 
similarity  to  the  urinary  pigment,  urobii  11  as  to  stercobilin  found  in 

t}«-  i  ontents  of  the  in-  nd  VanlaiB  ').     On  careful  oxida- 

tion bilirubin  yields  biliverdin  and  other  coloring-matters  (see  below). 

Bilirubin  is  derived  from  the  blood-pigment.     It  has  the  same  percentage 
composition  as  hajmatoporphyrin  and  like  ha*matin  it  yields  ha3m: 
acid  imide  as  an  oaddstuni  prochiel  i  Ki  -i  -kr  5). 

Bilirubin  is  partly  amorphous  and  partly  crystalline.  The  amorphous 
bilirubin  is  a  reddLsh-yellow  powder  of  nearly  the  same  color  as  amorphous 
antimony  sulphide;  the  crystalline  bilirubin  has  nearly  the  same  color  as 
crystallized  chromic  acid.    The  !ich  can  easily  be  obtaine 

allowing  a  solution  of  bilirubin  in  chloroform  to  evaporate  spontaneously , 
are  reddish-yellow,  rhombic  plates,  whose  obtuse  angles  are  often  rounded. 
On  crystallizing  from  hot  dimcthylanilinc  it  forms  on  cooling  broad  columns 
with  both  ends  sharply  cut. 

Bilirubin  is  insoluble  in  water  and  occurs  in  animal  fluids  as  soluble 
bilirubin-alkali.  It  Ls  very  slightly  soluble  in  ether,  benzene,  carbon 
disulphide,  arnvl  alcohol,  f:tt t y  oils,  and  dyrerine.  It  is  somewhat  more 
soluble  in  alcohol.  In  cold  chloroform  it  dissolves  in  the  proportion  of 
1  and  Is  much  more  readily  soluble  in  warm  chloroform.  In  cold  di- 
methylaniline  it  dissolves  in  the  proportion  of  1  :  MX),  and  in  hot  dimetliyl- 
aniline  much  more  readily.  Its  solution  >how  no  absorption-bands. 
but  only  a  continuous  absorpt  I  to  the  viol  *  the 

BpeetlUm,  and  they  have,  even  on  diluting  greatly  ( 1 :  fyOOOOO) ,  in  a  layer 
1.5  c.  m.  thick  a  deckled  yellow  color.  If  a  dilute  solution  of  bilirubin- 
alkali  in  water  Ls  treated  with  an  excess  of  ammonia  and  then  with  a 
chloride  solution,  the  liquid  Ls  first  colored  deep  orange  ami  then  gradually 
olive-brown  and  then  green.  This  solution  first  gives  a  darkening  of  the 
violet  and  blue  part  of  the  spectrum  and  then  the  hands  of  alkali] 
cyan;  low), or  at  least  the  bands  "f  this  pigment  in  the  red  between 

C  and  D  close  to  C.     This  is  a  good  reaction  for  bilirubin.     The  combina- 
tions of  bilirubin  with  alkalies  are  insoluble  in  chloroform,  and  bilirubin 
rated  from  its  solution  in  chloroform  by  shaking  with  dilute 
caustic  alkali  (differing  from  lutein)      S  if  bilirubin-alkali  in  water 

ted  by  the  soluble  salts  of  the  alkaline  earths  and  also  by 
metallic  salts. 

If  an  alkaline  solution  of  bilirubin  be  allowed  to  stand  in  contact  with 
the  air,  it  gradually  absorbs  oxygen  and  green  biliverdin  Ls  formed.  This 
process  L  rated  by  warming.     According   bo    EC08TBB  in     j 

'Maly '»  'ungsbcr.,  57,  and  Annal.  d.  Chem.,  161;    Masius  and  VmUir 

Ontralbl.  f.  d.  raed.  VVissen^  «>9. 

» ZeiUchr.  f.  physioL  Chem..  30  and  36. 
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the  alkali  also  has  a  splitting  action  upon  the  pigment  and  not  one  body  but 
several  ure  formed.     Biliverdin  is  also  formed  from  bilirubin  by  OTJdfttfon 
under  other  conditions.     A  green  coloring-matter  similar  in  appeare 
formed  by  I  an  "f  other  reagents  such  as  CI,  Br,  and  I.     According  to 

Jolles1  by  the  use  of  Hudl's  iodine  solution  biliverdin  is  produced,  while 
according  to  others  (Thudichum,  Maly  ')  substitution  products  of  bili- 
rubin are  formed. 

Gmelin's  Rmction  for  Bile-pigment*.     If  one  carefully  pours  under  a 
so-  bilirubin-alkali  in  water  nitric  acid  containing  some  nitrous  ai  id, 

'  h-  i  |  .-i  rin  of  eolon-d  layers  at  the  juncture  of  the  two  Bqu 

in  the  following  order  from  above  downwards:  green.  blue,  violet,  red,  and 
reddish-yellow.     This  color  Qkoblin'b  test,  is  very  delicate  and 

I  serves  to  detect  the  presence  of  one  part  bilirubin  in  80,000  parts  liquid. 
The  green  ring  nm  c  be  absent;   ami  also  the  redden  violrt  m\ 

Present  at  the  same  time,  otherwise  r V i « -  n-iction  may  be  confused  with  that 
tor  lutein,  which  gives  a  blue  or  greenish  ring.  The  nitrie  acid  must  riot 
contain  too  much  nitrous  m  hen  the  reaction  takes  place  too  quickly 

***d  it  does  not  V>eeome  typical.  Alcohol  rnuM  not  be  present  in  the  liquid, 
"©cause,  as  is  well  known,  it  gives  a  play  of  colors,  in  green  or  blue,  with 

toe  add 

Ha.mmarsten's  Reaction.     An  acid  is  first  prepared  consisting  of  1  vol. 
n>tric  acid  and  19  vols,  hydrochloric  arid  (each  acid  being  about  25  per  oenl  I, 
Ofce  volume  of  this  acid  mixture,  which  can  be  kept  for  at  least 
when  it  has  become  yellow  by  standing,  mixed  with  4  voK  alcohol.     If  a 
U^Op  of  bilirubin  solution  is  added  to  a  few  cubic  centimeters  of  thjfl  • 
kss  mixture  a  p  at  beautiful  green  color  is  obtained  immediately. 

1 }"  Eba  farther  addition  of  the  acid  mixture  to  the  green  liquid  all  the  colors 
°f  GvBLTM  's  scale,  as  far  as  choir  .  u  be  produced  consecutively. 

Hvppert's  Reaction.     If  a  solution  of  bilirubin-alkali  is  treated  with 

Qjilk.  of  lime  or  with  calcium  chloride  and  ammonia,  a  precipitate  is  pro- 

dti.  |g  „f  bilirubin-caleium.     If  thx  ret  ipitate,  which  has 

"°on  washed  with  water,  is  placed  in  a  i    it-tube  and  the  tube  half  filled  with 

*!•'  ich  has  been  acidified  with  hydrochloric  acid,  and  heated  to  boiling 

'°*  tame,  the  liquid  becomes  emerald-green  or  bluish-green  in  coi 

In  regard  to  the  modificatione  of  Gmelin's  test  and  certain  other  reac- 
^°ls  for  bile-pigmc  ptei  XV  (Urine). 

That  the  characteristic  play  of  colors  in  Gmelin's  test  is  the  result  of 
?^*  oxidation  is  generally  admitted.     The  first  oxidation  step  is  th<-  g| 
^^liverdin.      Then   follows    a    blue  coloring-matter   which   Heinsius   and 


K* 


Kuater.  Ber.  d.  d.  chem.  Geeelhich.,  3.»;  Joll«,  Journ.  f.  prakt.  Chem.  (N.  F.),  Sfl, 
**    Pfluger's  Arch.,  75, 

*  Thudichum,  Journ.  of  Chem.  Soc.  (2),  13,  and  Joum.    f.  prakt.  Chem.  (N.   F.), 
Mftly,  Wien.  Sitzungsher.,  72. 
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Camtoell  call  bilicyanin  and  Stokvis  calls  chohcyanin,  and  which  shows  a 
characteristic  absorption-spectrum.  The  neutral  solutions  of  this  coloring- 
matter  are,  according  to  Stokvis,  bluish-green  or  steel-blue  with  a  beautiful 
blue  fluorescence.  The  alkaline  solutions  are  green  and  have  no  marked 
fluorescence,  and  show  three  absorption-bands,  one  sharp  and  dark 
in  the  red  between  C  and  D,  nearer  to  C;  a  second,  less  well  defined, 
covering  D;  and  a  third,  between  E  and  F.  near  E.  The  strongly  acid 
solutions  are  vio]«»t-blue  and  show  two  bands,  described  by  Jaff£,  between 
the  lines  C  and  E,  separated  from  each  other  by  a  narrow  space  near  D.  A 
third  band  between  b  and  F  is  seen  with  difficulty.  The  next  oxidation  step 
after  these  blue  coloring-matters  is  a  red  pigment,  and  lastly  a  yellowish- 
brown  pigment,  called  choletelin  by  Maly,  which  in  neutral  alcoholic 
solutions  does  not  give  any  absorption  spectrum,  but  in  acid  solution  gives 
a  band  between  b  and  F.  On  oxidizing  cholecyanin  with  lead  peroxide, 
Stokvis  *  obtained  a  product  which  he  calls  choletelin,  which  b  quite  sim- 
ilar to  urinary  urobilin,  to  be  discussed  later. 

Bilirubin  is  best  prepared  from  gall-stones  of  oxen,  these  concretions 
being  very  rich  in  bUirubin-calcium.  The  finely  powdered  concrement  h 
first  exhausted  with  ether  and  then  with  boiling  water,  so  as  to  remove  the 
cholestorin  and  bile-acids.  The  powder  is  then  treated  with  hydrochloric 
.'.huh  sets  free  the  pigment;  washed  thoroughly  with  water  and  air.  .hoi. 
dried,  and  extracted  repeatedly  with  boiling  chloroform.  The  bilirubin 
-(•pirates  from  the  chloroform  as  crusts,  which  are  treated  once  or  twice  in 
the  above  manner.  It  Is  then  extracted  with  alcohol  and  precipitated  from 
its  chloroform  solution  by  alcohol  or  crystallized  from  dimethylaniline. 
The  crusts  of  bilirubin  which  separate  from  the  chloroform  solution  con- 
tain, according  to  KiVikr,3 a  pigment  related  to  bilirubin,  poorer  in  nitrogen 
and  also  precipituble  by  alcohol.  The  quantitative  estimation  of  bilirubin 
may  be  made  by  the  spectro-photomctrical  method,  according  to  the  steps 
suggested  for  the  blood-coloring  matters. 

Biliverdin,  C„H|gN,04.  This  body,  which  is  formed  by  the  oxidation  of 
bilirubin,  occurs  in  the  bile  of  many  animals,  in  vomited  matter,  in  the 
placenta  of  the  bitch  (?),  in  the  shells  of  birds'  eggs,  in  the  urine  in  icterus, 
and  sometimes  in  gall-stones,  although  in  very  small  quantities. 

Biliverdin  is  amorphous;  at  least  it  lias  not  been  obtained  in  well- 
defined  crystals.  It  Ls  insoluble  in  water,  ether,  and  chloroform  (this  is 
true  at  least  for  the  artificially  prepared  biliverdin),  but  is  soluble  in  alcohol 
or  glacial  acetic  acid,  showing  a  beautiful  green  color.  It  is  dissolved  by 
alkalies,  giving  a  brownish-green  color,  and  this  solution  is  precipitated  by 
acids,  as  well  as  by  calcium,  barium,  and  lead  salts.     Biliverdin  gives 

1  Hetniius  and  Campbell,  Pfluger's  Arch.,  4;  Stokvis,  Centralbl.  f.  d.  med.  Wia- 
Bmixh.,  1872.  785;  ibid.,  1873,  211  nod  449;  Jaffe,  ibid.,  1868;  Malj,  Wien.  8it*ung»- 
ber.,  59. 

•  her  d.  d.  chem.  Gwellach..  15. 
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Htti»pkrt'8,  Gmki.in's,  and  Hammarsten's  reactions,  commencing  with 
the  blue  color.  Tt  Is  converted  into  hydrobilinibin  by  nascent  hydrogen. 
On  allowing  the  green  bile  to  stand,  also  by  the  action  of  ammonium  sul- 
phide, the  biliverdin  may  be  reduced  to  bilirubin  (Ha ycraft  and  Scofield  ')• 

Biliverdin  is  most  simply  pre|)ared  by  allowing  a  thin  layer  of  an  alkaline 
solvation  of  bilirubin  to  itend  exposed  to  the  air  in  a  dish  until  the  ool 
■wt>  >-wmsh-grcen.  The  solution  is  then  precipitated  by  hydrochloric  bold, 
ltatc  washed  with  water  until  no  HC1  reaction  is  obtained,  then 
<**s»olved  in  alcohol  and  the  pigment  again  separated  by  the  addition  of 
water.  Any  bilirubin  present  may  be  removed  by  means  of  chloroform. 
^XJoouxENq  and  DOYOn  2  prepared  bilivertlin  from  bilirubin  by  the  action 
of  Bodhnn  peroxide  and  a  little  acid. 

Jiilifuxin,  so  named  by  Stadeler,*  is  an  amorphous  brown  pigment  soluble 
in     alcoiml   IM  alkalies,  nearly  insoluble  in  water  and  ether,  and  soluble   with 
RiTrat  difficulty  in  chloroform  (when  bilirubin  is  not  present  at  the  same  time). 
yxxrt-  bilifusrin  does  not  give  Umf.un's  rotation.     This  is  also  true  for  the  hili- 
*u»«5ia  prepared  by  v.  Zr.Miu.-son/  which  is  more  like  a  hutuin  substance  and 
^Hose  formula  is  CWII« N,0„.     Bilifuscin  has  been  found  in   pall-stones.     Bill- 
f'efcstn  is  a  green  pigment  prepared  by  Stadkj.kk  from  gall-stones,  which  perhaps 
13    only  a  mixture  of  lulivenlin  and  bilirubin.     Dabtre  and  Floresco,1  on  the 
contrary,  consider  biliprasin  as  an  intermediate  step  betWMD  bilirubin  and  bili- 
f"diu.      According  to  them  it  occurs  as  a  physiological  pigment  in  the  bladder 
'  'ile  of  several  animals  and  is  derived  from  bilirubin  by  oxidation.    This  oxidation 
18  brought  about  by  an  oxidative  ferment  i odfltinc  in  the  bile,     fiiiikumin  is  the 
:  nae  given  bv  Stadeler  to  that  brownish  amorphous  residue  which  is  left  after 
-   gall-stones   with   chloroform,  alcohol,   and  ether.     It  does  not  give 
'mix's  test.     Bilicyanin  is  also  found  in  human  gall-stones  (Heixsii m  and 
\aaiphe:-i.i.     Chofahamatin,  so-called   by  MacMunv,  is  a  pigment  often  oerur- 
T1***  in  sheep-  and  ox-bile  and  ohuneteriMd  by  four  absorption-bands,  and  which 
i  i iied  from  ha-matin  by  the  action  of  sodium  amalgam.     In  the  dried  condi- 
tion obtained  bv  the   evaporation  of  the  chloroform   solution   it  is  green,  and 
***     alcoholic    solution  olive-brown.     The    crystalline    biUpurtmrin    isolated    by 
'-Oebisch  and  Fischi.kh'  from  ox-bile  is  probably  related  to  this  pigment. 

Gmelin's  and  Huppkrt'b  reactions  are  generally  used  to  detect  the 
Pr-esence  of  bile-pigments  in  animal  fluids  or  tissues.  The  first,  as  a  rule, 
c^ti  be  performed  directly,  and  the  presence  of  proteid  does  not  interfere 
^ith  it,  but,  on  the  contrary,  it  brings  out  the  play  of  colors  more  strik- 
^jcrjy.  Jf  blood-coloring  matters  are  present  at  the  same  time,  the  bile- 
c<:*Ioring  matters  are  first  precipitated  by  the  addition  of  sodium  phosphate 
^•*id  milk  of  lime.  This  precipitate  containing  the  bile-pigments  may  be 
J^ed  directly  in  Huppert's  reaction,  or  a  little  of  the  precipitate  may  be 
**i*?solved  in  Hammarsten's  reagent.  Bilirubin  is  detected  in  blood, 
^-^  cording  to  Hedenius,7  by  precipitating  the  proteins  by  alcohol,  filtering 

ntralbl.  f.  Physiol.,  3,  222,  and  Zeitschr.  f.  physiol.  Chem.,  14. 
1  Arch,  de  Physiol.  (5),  8. 

'Cited  from  Iloppe-Seyler,  Physiol,  u.  Path.  chem.  Analyse,  6.  Aufl.,  225. 
•  Zeitschr.  f.  physiol.  Chem.,  81. 
•Arch,  de  PhysioL  (5),  9. 
•MacMunn,  Joura.  of  PhysioL,  6;   Loebisch  and  Fischler,  Wten.  8its.-Bor.,  118 

'  Upeala  Lakarof.  Pork.  20,  aad  Maly's  Jahresber.,  24. 
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and  acidifying  the  filtrate  with  hydrochloric  or  sulphuric  acid,  and  boilir 
The  liquid  becomes  of  a  gTeenish  color.     Berum  and  serous  fluids  may  be 
boiled  directly  With  a  little  acid  after  the  addition  of  alcohol. 


Besides  the  bile-acids  and    the  b£le-pigD161ltB  then in   in  ti. 


tin 


cholesierin,  lecithin,  jacorin  OT  another  jJiosphalide,  palmitin,  stearin, 
olein,  myristic  acid  (Las&AB-OoHH  '),  soaps,  ethereal  sulphuric  acids,  con- 
jugated glucuronate*,  diastolic  and  p  t/mee.  Choline  and  glycero- 
phosphoric  acid,  when  they  are  present,  may  be  considered  as  decom- 
position products  of  lecithin  I'rtu  occurs,  though  only  as  traces,  as  a 
physiological  constituent  of  human,  OX,  and  dog  bile.  I'rea  occurs  in  the 
bile  of  the  shark  and  ray  in  such  large  quantities  that  it  forms  one  of  the 
rhief  constituents  of  the  bile.1  The  mineral  consiituenia  of  the  bile  are, 
besides  the  alkalies,  to  which  the  bile  acids  are  united,  sodium  and  potas- 
sium chloride,  calcium  and  magnesium  phosphate,  and  iron — 0.04-0.1  l."i 
p.  m.  in  human  bile,  chiefly  combined  with  phosphoric  acid  (Yoi  • 
Traces  of  copper  are  habitually  present,  and  traces  of  zinc  are  often  found. 
Sulphates  are  entirely  absent,  or  occur  only  in  very  small  amounts. 

The  quantity  Of  iron  in  the  bile  varies  greatly.     According  to  Xovi  it 
pendanl  upon  bhe  kind  of  food,  and  in  dogs  it  is  lowest  with  a  h 
diet  and  high.  hn       A<  c  <-rd:r  -   bo    D        i        Ilk    Is  DOt  the 

case.    The  quantity  of  iron  in  the  bile  irarieseven  though  a  constant, 
maintained,  and  the  variation  is  dependent  upon  the  Formation  and  desi 
tion  of  hlood.     According  to  Heccari  *  the  iron  doe  .sappear 

the  bile  in  inanition,  and  the  percentage-  shows  no  constant  diminution. 
The  question  M  to  the  extent  of  elimination  by  the  bile  of  the  iron  intro- 

I  into  the  body  has  received  various  doubt 

that  the  liver  bafl  bhe  property  of  collecting  and  retaining  iron  as  well  as 
other  metals  from  the  blood.  Certain  investigators,  such  as  Nov]  and 
are  of  the  Opinion  that  the  iron  introduced  and  transitorily  retained 
in  the  liver  is  eliminated  by  the  bile,  while  others,  such  as  Hamburger. 
GOTTLIEB,  and  A\m:i.m.'  deny  any  such  elimination  of  iron  by  the  bile. 

QuontU  -i]x>$ition  of  tin  Bile.     Complete  analyses  of  human  bile 

have  been  made  by  BoPPB-SsYLEB  and  his  pupils.  The  bile  was  removed 
as  fresh  as  possible  from  the  gall-bladder  of  those  cadavers,  the  livers  of 
which  rare  in   no  sense  pathological. 


1  Zeitschr.  f.  phyniol.  Chem.,  17. 

*  Hammareten,  ibid.,  24. 

*  Journ.  of  Anal,  and  Physiol.,  6,  158. 

*  Xovi,  see  Maly's  Jahreaber.,  20;    Dustre,  Arch,  de  Physiol.  (5),  3;  Beccari,  Aroh. 
ital.  d< 

'  Kunkel.  Pfluger's  Arch..  14;    Hamburger,  Zeitechr.  f    physiol    Chem.,  2  and  4 
lieb,  ibid.,  15;  Anaclm,  "Ueber  die  EinenauKwheidung  der  Gallo."     Inau.L* 
Dorpat,  1891.    See  also  the  works  cited  in  foot-note  4,  page  206. 
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Older  and  less  complete  analyses  of  human  bile  have  been  made  by 

Frerichs  and  v.  Gorup-Besanez.1    The  bile  analyzed  by  them- was  from 

perfectly  healthy  persons  who  had  been  executed  or  accidentally  killed. 

The  two  analyses  of  Frerichs  are,  respectively,  of  (I)  an  18-year-old  and 

(II)  a  22-year-old  male.    The  analyses  of  v.  Gorup-Besanez  are  of  (I)  a 

man  of  49  and  (II)  a  woman  of  29.    The  results  are,  as  usual,  in  parts 

Per    looo. 

Frerichs.  v.  Qorup-Bebanes. 

I.                  II.  I.                  II. 

Water. 860.0        859.2  822.7        898.1 

Solids 140.0         140.8  177.3         101.9 

Biliary  salts 72.2          91.4  107.9          56.5 

Mucus  and  pigments 26.6          29.8  22.1          14.5 

^Mterta-.v.::: :::::::  ii     »:!}   «■»     »■• 

Inorganic  substances 6.5  7.7  10.8  6.2 

Human  liver-bile  is  poorer  in  solids  than  the  bladder-bile.    In  several 
,   cases  it  contained  only  12-18  p.  m.  solids,  but  the  bile  in  these  cases  is 
hardly  to  be  considered  as  normal.    Jacobsen  found  22.4-22.8  p.  m. 
solids  in  a  specimen  of  bile.     Hammarsten,  who  had  occasion  to  analyze 
the  liver-bile  in  seven  cases  of  biliary  fistula,  has  repeatedly  found  25-28 
P-  m.  solids.     In  a  case  of  a  corpulent  woman  the  quantity  of  solids  in  the 
*iver-bile  varied  between  30.10-36.8  p.  m.  in  ten  days.     Brand1  has  ob- 
served still  higher  figures,  more  than  40  p.  m.  in  a  couple  of  cases.    This 
lr*vestigator  suggests  that  the  bile  from  an  imperfect  fistula,  when  it  is 
partly  absorbed,  is  richer  in  solids  than  when  it  comes  from  a  perfect  fistula. 
The   molecular  concentration   of   human   bile,   according   to   Brand, 
-**o\-Axr,  and  Strauss  ■  is  nearly  always  identical  with  that  of  the  blood, 
a*though  the  amount  of  water  and  solids  varies.     The  freezing-point  varies 
''nly  between  -0.54°  and  -0.58°.    This  stability  of  the  osmotic  pressure 
1  ;  explained  by  the  fact  that  in  concentrated  biles  with  larger  amounts  of 
'*rganic  substances  (with  larger  molecules)  the  amount  of  inorganic  salts 
**  lower.4 

Human  bile  sometimes,  but  not  always,  contains  sulphur  in  an  ethereal 

uIphuric-acid-likc  combination.     The  quantity  of  such  sulphur  may  even 

***ount  to  \-$  of  the  total  sulphur.     Human  bile  is  habitually  richer  in 

3\  ^'cocholic  than  in  taurocholic  acid.     In  six  cases  of  liver-bile  analyzed  by 

-VMmarsten  the  relationship  of  taurocholic  to  glycocholic  acid  varied 


%-        *  See  Hoppe-Seyler,  Physiol.  Chem.,  301;  Socoloff,  Pfluger's  Arch.,  12;  Trifanow- 
"»    ibid.,  9;  Frerichs  in  Hoppe-Seyler 's  Physiol.  Chem.,  299;  v.  Gorup-Besanez,  ibid. 
ks        a  Jacobsen,  Ber.  d.  deutsch.  chem.  Gesellsch.,  6;   Hammarsten,  Nova  Acta  Reg. 
^°°-    Scient.  Upsala,  16;  Brand,  Pfliiger's  Arch.,  90. 
j_^*  Brand,  L  c;  Bonani,  Biochem.  Centralbl.,  1;  Strauss,  Berl.  klin.  Wochenschr., 

*  See  Brand,  lc;  Hammarsten,  1.  c. 
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between  1:2.07  and  1:14.36.    The' bile  analyzed  by  Jacobsen  contained 
no  taurocholic  acid 

As  BD  example  of  the  composition  of  human  liver-bile  the  following 
results  of  three  analyses  made  by  HaioCaBst&N  are  given.  The  results 
are  calculated  in  parts  per  1000.1 

26.200  36.200  25.400 

974.800  964.740  974  800 

Mucin  and  pigments. 5.290  800  5. 160 

9.:UO  is  240  9.040 

Taurocholatc 3.034  2  079  2. 180 

wcholato.                                6.!  16  161  6  BOO 

v  acids  from  soaps 1.230  I     W0  1. 010 

Choiosterin 0.630  1HO0  L.S00 

Lecithin                  Inoon  °  *W  u  '•r*> 

Fat                         \   u-mM  0  050  0.610 

bleaalta 8.070  6.7<4» 

Insoluble  salts 0.250  0.490  0.210 

Amongst  the  mineral  constituents  the  chlorine  and  sodium  occur  to 
greatest  extent.    The  relationship  between  potassium  and  sodium  varies 
icr.ibly  in  different  samples.     Sulphuric  acid  and  phosphoric  acid  occur 
only  in  very  small  quant  hies. 

Baginsky  and  Sommerfeld  *  have  found  true  mucin,  mixed  with 
some  nucleoalbuuiin,  in  the  bladder-bile  of  children.  The  bile  contained 
on  an  average  89&fi  p.  m.  water;  1(1.3.5  p.  m.  solids;  20  p.  m.  mucin ;  '.». ! 
p.m.  mineral  sul»tances;  25.2  p.m.  bile-salts  (of  which  10.3  p.m.  were 
gfyrBoeholftta  p. m.  taurocholate) ;  3.4  p.m.  iu;  0.7  | 

fat,  and  2.S  p.  in.  leucin.' 

The  quantit  ment  in  human  bile  is.  according  to  Xokl-Paton, 

0.4   1 .;»  p.  m.  for  a  case  of  biliary  tistula.     The  method  used  in  determining 

,-ase  was  not  quite  trustworthy      More  exact  results 

■pcBtrephotoOMtrie    methods   arc  on    record     for    dog-bile. 

irding  to  Stadcuiann  *  dog-bile  contains  on  an  average  0.6-0.7  p.  m. 

bilirubin.    At  the  most  only  7  milligrams  of  pigment  are  secreted  per  kilo 

of  body  in  the  twenty-four  hours. 

In  animals  the  relative  proportion  of  the  two  acids  varies  considerably. 
It  has  been  found,  on  determining  the  amount  of  sulphur,  that,  so  far  as 
the  experiments  have  gone,  taurocholic  acid  is  the  prevailing  arid  in  car- 
mamma!  snakes,  and  fishes.    Amor  rbivora,  sheep 
goats  have  a  predominance  of  taurocholic  acid  in  the 
i tains  taurxx'holic  acid  in  excess,  in  other  cases  gl 

1  K«mt  quantitative  analyses  may  be  found  in  Brand,  L  ft,  j   r.  Zeynek, 
klin    Woehonaoftt     1889;  Bonani.  L  c. 

>  Y«fcaadL  «l  pbysiol  Geselbcb.  »u  Berlin.  1S94-96. 

I  nalyna  of  bu>  from  ehfldrrn  may  be  found  in  Hrptuer.  Maly 'a  Jahresber  ,  30. 
•  V.xl-Paton.  Bap.  Lab   Roy.  Soo.  OoD.  Phy*   Edinburgh.  3;   Stadehaann.  D«r 
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predominates,  and  in  a  few  cases  the  latter  occurs  almost  alone.  The  bile 
of  the  rabbit,  hare,  and  kangaroo  contains,  like  the  bile  of  the  pig.  almost 
exclusively  glycocholic  acid.  A 'distinct  influence  on  the  relative  amounts 
of  the  two  bile-acids  under  different  diets  has  not  been  detected.  Rittkk  l 
claims  to  have  found  a  decrease  in  the  quantity  of  taurocholic  acid  in  calves 
when  they  pass  from  the  milk  to  the  vegetable  diet. 

In  the  above-mentioned  calculation  of  the  tuuroeholie  acid  from  the 
quantity  of  sulphur  in  the  bile-salts  it  must  be  remarked  that  no  exact  con- 
clusion can  be  drawn  from  such  a  determination  since  it  is  known  that 
r,thor  kinds  of  bile  (e.g.,  human  and  shark-bile)  contain  sulphur  in  com- 
binations other  than  taurocholic  acid.7 

The  cholesterin,  which,  according  to  several  investigators,  not  only  origi- 
nates from  the  liver,  but  also  from  the  biliary  passages,  occurs  in  larger  quan- 
tities  in  the  bladder-bile  than  in  the  liver-bile,  and  is  present  to  a  greater 
extent  in  the  non-filtered  than  in  the  filtered  bile  (Doyon  and  Dufotjrt  '). 
The  gases  of  the  bile  consist,  of  a  large  quantity  of  carbon  dioxide,  which 
increases  with  the  amount  of  alkalies,  only  traces  of  oxygen,  and  a  very 
■rnall  quantity  of  nitrogen. 

Little  b  known  iii  regard  to  the  properties  oj  (he  bile  in  disease.    The  quantity 
0»  urea  is  found  to  b  rably  increased  in  unemia.     Leueiti  and  lyrosin  are 

observed  in  acute  yellow  atrophy  of  the  liver  and  in  typhoid.     Traces  of  albumin 

S without  regard  to  Dudeoalbuimn)  have  several  (fanes  Dean  found  in  the  human 
b-.     The    so-called  '/    iirholia,    <»r    tin-    secretion    of   a   bile    Containing 

wle-aeids  but  no  bile-pigments,  has  also  been  repeatedly  noticed.     In  all 
caaes  observed  by  Rittkk  lie  found  a  fatty  degeneration  of  the  liver-^elk,  in 
return  for  which,  even  in  ■  infiltratii  «i  .a  normal  bile  containing  pig- 

ments was  secreted.  The  secretion  of  n  bile  nearly  free  from  bile-acids  has  bees 
°hftcrve«l  by  HoPPS-Swum  *  in  aniyloi  tion  of  the  liver.     In  animals, 

."°K8,  and  especially  rabbits  it  has  been  observed  that  the  blood-pigments  pass 
'•it.-,  the  bile  in  poisoning  and  other  cases,  causing  i  destruction  of  the  bUxKWOT- 
pvx»rles,  as  also  after  intravenoiB  hemoglobin  Injection  (Wi  I  Mi:yer, 

*  **_Ei'.-  Bai  SB*  has  found  by  observations  on  man  and  dogs  that 

Jj°  sugar  occurs  in  the  bile  either  in  alimentary  glycosuria  or  pMofhisin  diabetes. 
^t  it  does  occur  during  the  first  dayB  of  pancreatic  diabetes.  Ethyl  alcohol 
a'»*3  more  abundantly  amy!  alcohol  pan  into  the  bile  and  cause  an  irritation  upon 
c**o  liver  parenchyma  which  leads  to  the  elimination  of  coagulable  proteid. 

The  physiological  secretion  of  the  gall-bladder  is  according  to  Wahi/- 
a  T<  BH  7  in  man  a  viscous,  alkaline  fluid  with  11.24-19.63  p.  m.  solids.     The 

1  t'ited  from  Maly's  Jahnsber.,  B.  195. 

;  immanten,  Zcitschr.  f.  phyaiol.  Churn.,  S2. 
1  Arch,  dc  Physiol.  (5),  8. 
•Bill  i ■  t -  read.,  71.  and  Journ.  de  l'anat.  et  de  la  physiol.  (Robin),  1872; 

^Kippe-Seylrr,  Physiol,  <h.m  ,  HIT. 

*  Wirili.iuif  r  and  Meyer,  Compfc  rend.,  10.S;  Filehne,  Virchow's  Arch.,  121;  Stem, 

**>vl,  its. 

■Zetoehr,  f  phyaiol.  Chem.,  40. 
'Sea  Maly'a  Jahreaber..  32. 
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mucilaginous  properties  are  not  due  to  mucin  but  to  a  phosphorizcd  pro- 
tein substance  (nuclcoulbumin  or  nucleoprjoteid). 

Instead  of  bile  there  in  sometimes  found  in  the  gall-bladder  under  pathological 
conditions  a  more  or  less  viscous,  thready,  colorless  fluid  which  contains  pseudo- 
mucins  or  other  peculiar  protein  substances.1 

Chemical  Formation  of  the  Bile.  The  first  question  to  lie  answered  is 
the  following:  Do  Che  specific  constituents  of  the  bile,  the  bile-acids  and 
bile-pigments,  originate  in  the  liver;  and  if  this  is  the  case,  do  they  come 
from  this  organ  only,  or  are  they  also  formed  elsewhere? 

The  htvetfag  I  the  blood,  and  especially  the  comparative  investi- 

gations of  the  blood  of  the  portal  and  hepatic  vein*  under  normal  condi: 
have  not  given  any  answer  to  this  question.     To  decide  this,  therefore,  it 
is  necessary  to  extirpate  the  liver  of  animals  or  isolate  it  from  -cula- 

tion.  If  the  bile  constituents  are  not  formed  in  the  liver,  or  at  least  not 
alone  in  this  organ,  but  only  eliminated  from  the  blood,  then,  after  the 
extirpation  or  removal  of  the  liver  from  the  circulation,  an  accumulation  of 
the  bile  CQBltltUOnts  Ls  to  be  expected  in  the  blood  and  tissues.  If  the  bile 
-intents,  on  the  contrary,  are  funned  exclusively  in  the  liver,  then  the 
above  operation  naturally  would  give  no  such  result.  If  the  ductus  chole- 
dochttfl  Is  tied,  then  the  bile  constituents  will  be  collected  in  the  blood  or 
tissues  whether  they  are  formed  in  the  liver  or  elsewhere. 

Prom  these  principles  Koiinkr  has  tried  to  demonstrate  by  experiments 

on  frogs  that  the  I  are  prod  iusively  in  the  liver.     While  he 

was  unable  to  detect  any  bile-aciils  in  the  blood  and  tissues  of  these  animals 

after  extirpation  of  the  liver,  still  lie  was  able  to  discover  them  on  n  ing  the 

dill  tus  choledochus.    The  investigations  of  Luowig  and  Fleischl  a  eho* 

that  in  the  dog  the  bile-acids  originate  in  the  liver  alone.     After  tying  the 

ductus  choledochu*  the]  ohurved  that  the  bile  constituents  were  absorbed 

by  the  lymphatic  vessels  of  the  liver  and  passed  into  the  blood  through  the 

thoracic  duct.     Bfle-addl   could  be  detected  in  the  blood  after  such  an 

operation,  while  they  could  not  be  detected  in  the  normal  blood.     But 

the  common  bile  and  thoracic  ducts  were  both  tied  at  the  same  time, 

then  not  the  least  trace  of  bile-acids  could  be  detected  in  the  blood,  while 

also  formed  in  other  organs  and  tissues  they  should  have  been 

pres- 

rn  older  statements  of  Cloez  and  Vulpian,  as  well  as  Virchow,  the  bile- 
acids  also  occur  in  the  suprarenal  capsule.    These  statements  have  not   been 
rued  by  later  investigations  of  St.M'Ki.ma.n.n  and  Brier.*     At  the  present 
there  is  no  ground  for  supposing  that  the  bile-acids  ar  elsewhere 

than  in  the  li\ 


•  V\  Zritaehr.  f.  physiol.  Chem.,  21;  SoUmann,  Amor  Medicine,  &  (1903). 

*  K'.>bn«r,  see  Hcidenbain,  Physiologic   der  AbsonderungMvorg&nge  in  Hermann  '• 
Handbuch,  6;  Fleischl,  Arbeiten  aus  der  physiol.  Anstalt  ru  Leipxig,  J&hrgang.  ♦. 

'  Zeitechr.  f.  physiol  Chem.,  18,  in  which  the  older  literature  may  be  found- 
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It  has  been  indubitably  proved  that  the  bile-jngmenla  may  be  formed  in 
other  organs  besides  the  liver,  for,  as  is  generally  admitted,  the  coloring- 
matter  ruematoidin,  which  oceurs  in  old  blood  extravasations,  is  idci 
with  the  bile-pigment,  bilirubin  (.see  page  200).  I..vrs<.-itKMu.K'.;hK  l  lias 
afen  observed  in  horses,  under  pathological  conditions,  a  formation  of  bile- 
pigments  from  the  bloud-eoloring  matters  in  the  tissues.  Also  the  OO0Br> 
rence  of  bile-pigments  Ed  the  placenta  hwiiiii  to  depend  on  their  formation 
in  that  organ,  while  the  occurrence  of  small  qoantitiei  of  bile-pigments  in 
the  blood-serum  of  certain  animals  probably  depends  on  an  absorption  of 
the  same. 

Although  the  bile-pigments  may  be  formed  in  other  organs  besides  the 
liver,  still  it  is  of  first  importance  to  know  what  bearing  this  organ  has  on 
the  elimination  and  formation  of  bile-pigments.  In  this  regard  it  must  be 
Recalled  that  the  liver  b  ai  >ry  organ  for  the  bile-piimicnts  cireulatr 

the  blood.     Tmichw.kf  has  observed,  in  a  dog  with  biliary  fistula, 
that  intravenous  i  Irubin  -auses  a  very  considerable  increase  in 

the  bile-pigments  eliminated.     This  statement  has  been  confirmed  lately 
hy  the  invest  of  Voeaxua.1 

Numerous  experiments  have  been  made  (O  decide  the  question  whether 
the  bile-pigments  are  only  eliminated  by  the  liver  or  whether  they  arc  also 
'f,rtnnl  therein.  By  experimenting  on  pigeons  Stern  was  able  to  deted 
bile-pigments  in  the  blood-serum  five  hours  after  tying  the  biliary  passages 
^one,  while  after  tying  all  the  vessels  of  the  liver  and  also  the  biliary  pas- 
sages no  bfle-pigments  conld  be  detected  either  in  the  blood  or  the  tissues 
the  animal,  which  was  killed  10-24  hours  after  the  operation.  Min- 
•Sowrkj  and  Naunyn J  have  also  found  that  poisoning  with  arseniurctt.il 
hydrogen  produces  a  liberal  formation  of  bill  tfl  and  the  secretion, 

^•'ter  a  short,  time,  of  a  urine  rich  in  hiliverdin  in  previously  healthy  geese. 
1:1  geese  with  extirpated  liv.  i  does  not  occur. 

Xo  such  experiments  can  be  carried  out  on  mammalia,  as  they  do  not 
_lv«?  long  enough  after  the  operation;   still  there  is  00  doubt  that  this  organ 

!  the  ehief  stat  of  the  formation  of  bile-pigments  under  physiological 
d  ^  ions. 

In  regard  to  the  materials  from  which  the  bile-acids  are  produced,  it 

c*1^y  be  said  with  certainty  that  the  two  components,  glycocoll  and  taurin, 

^"Hich  are  both  nitrogenized,  are  formed  Emm  the  protein  bodies.     The 

P  °45e  relationship  of  taurin  to  the  cystin  group  of  the  proteid  molecule 

**«  been  especially  shown  by  the  investigations  of  Fiukdma\n  (sec  Ch 

*}  ,  and  very  recently  Bsromann  4  has  shown  by  feeding  dogs  with  sodium 

'See  Maly's  Jahresber ,  16,  and  Monatehefte  I  ( l.-m.,  ». 

1  TarchunofT.  I  i  !,  .  9     \  osBius,  cited  from  Stadelmann,  Der  Icterus, 

rn,  tab.  f.  exp.  Path.  u.  I'liaxm.,  19;  Minkowski  and  Naunyn,  ibid. 
•  nefmeister's  I.<  I      See  also  Wohlgemuth.  Zeilschr.  f.  physiol.  Chem.,  40. 
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cholate  and  cystin  that  the  animal  body  can  transform  cystin  into  taurmVjaa 
and  that  the  taurin  of  the  bile  originates  from  the  proteids  of  the  food.    I 
regard  to  the  origin  of  the  uon-nitrogenized  cholic  acid,  which  was  formerM.  > 
considered  as  originating  from  the  fats,  nothing  is  known  jx»s  tively. 

The  blood-coloring  matters  are  considered  as  the  mother-substances  «C3f 
the  bile-pigments.  If  the  identity  of  hxematoidin  and  bilirubin  was  settli 
beyond  a  doubt,  then  this  view  might  be  considered  as  proved.  Indcpen* 
ently,  however,  of  this  identity,  which  is  not  admitted  by  all  investigatoi 
the  view  that  the  bile-pigments  are  derived  from  the  blood-coloring  matte'  rs? 
has  strong  arguments  in  its  favor.  It  has  been  shown  by  several  exjx-x-i- 
menters  that  a  yellow  or  yellowish-red  pigment  can  be  formed  from  Line 

■■] -coloring  matters,  which  gives  Gmki.in's  test,  and  which,  though      it 
may  not  form  a  complete  bile-pigment,  is  at  least  a  step  in  its  formation 
(Latschknuerger).    A  further  proof  of  the  formation  of  the  bile-pigmcxits 
from  the  blood-coloring  mailer*  <•«  .nsists  in  the  fact  that  ha-matin  an  reduc- 
tion   yields    urobilin,  whirh    is    identical  with  hydrobiliruhin  (see  Chapter 
XV).     Further,  hiernatoporphvrin  (see  page  180)  and  bilirubin  are  MOD 
according  to  Nencki  and  SllBSB,  and  nearly  allied.    The  formation  of 
bilirubin  From  the  blood-coloring  matters  Is  shown,  according  to  the  obeer- 

us  of  several  investigators,1  by  the  appearance  of  free  haemoglobin  in 
-lasma — produced  by  the  destruction  of  the  red  corpuscles  by  fl 
differing  influences  (see  below)  or  by  the  injection  of  haemoglobin  solution, 
causing  an  increased  formation  of  bile-pigments.  The  amount  of  pig- 
ments in  the  bile  is  not  only  considerably  increased,  but  the  bile-pigments 
may  even  pass  into  the  urine  under  certain  circumstances  (icterus). 
the  injection  of  haemoglobin  solution  into  a  dog  either  subcutaneouslv  fltiH 
the  peritoneal  cavity,  Sr\m  i.maw  and  Gorodecki  '  observed  in  the  secre- 
tion of  pigments  by  the  bile  an  increase  of  Gl  per  cent,  which  lasted  f°r 
more  than  twenty-four  hours. 

If,  then,  iron-free  bilirubin  is  derived  from  the  hirmatin  containing  iron, 
then  iron  must  be  split  ofT.    This  process  may  be  represented  by  the  tol*^" 
ing  formula,  according  to  Nencki  and  BlBBEB:  3  Cs,IIKN4(),Ke4 -2H,u-F« 
=  2CH.rT1(l\J ),.     The  question    in    what    form   or  combination    the  ir 
split  off  Is  of  special  interest,  and  also  whether  it  is  eliminated  by  the 
This  latter  does  not  seem  to  be  the  case,  at  least  to  any  great  extent.    In  lCH^ 
parts  of  bilirubin  whieh  are  eliminated  by  the  bik  there  are  only  1  ' 
parts  iron,  according  to  KuHKEL;  while  100  parts  luematin  contain  alxiut 
parts  iron.     Minkowski  and  IUserin  *  have  also  found  that  the  abun<lar"» 

1  See  StadeJmann,  Der  Icterus,  etc.     Stuttgart,  1891. 
»//■ 

•  Arch.  f.  exp.  Path.  u.  1'harm.,  24,  440. 

<  Kunkel,  Ifluger'a  Arch.,  14;    Minkowski  and    Baaarin,  Arch.  f.  exp.  Patl 
Pharm..  23. 
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formation  of  bile-pigments  occurring  in  poisoning  by  areemoretted  hydro- 
gen does  not  increase  the  quantity  of  iron  i  D  the  bile.       The  quantity  appar- 

»jp  does  not  seem  to  correspond  with  that  in  thr  decomposed  blood-' 
ing    matters.     It    follows    from    thr-    researches    of   several    investigators  l 
that  the  iron  is.  at  least  chiefly,  retained  by  the  liver  as  a  ferruginous  pig- 
ment or  protein  sul>stance. 

I  "What  relationship  does  the  formation  of  bile-acids  bear  to  the  forma- 
tion of  bile-pigments?  Are  tfai  -••  two  chief  constituents  of  the  l>i'< 
simultaneously  from  the  same  material,  Kid  I  Mil  we  detect  a  certain  003 
pen  the  formation  of  bilirubin  and  bile-acids  in  the  livor?  The 
investigations  of  Stadelmann  teach  us  that  this  is  not  the  ease.  With 
increased  formation  of  bil. hpjgmentB  the  bile-acids  decrease1  and  the  supply 
d!  hemoglobin  to  the  liver  acts  in  strongly  increasing  (he  formation  of 
bilirubin,  but    BimnHfl  decreases  the  production  of 

leads.     According  to  Stahki.masn  the  formation  of  bile-pigments  and 
idfl  is  due  to  a  special  activity  of  the  cells. 
An  absorption  of  bile  from  tin-  liv.r  ami  the  passage  of  the  liilc  con- 
stituents into  the  blood  and  urine  occurs  in  retarded  discharge  of  the  U!rr 
*nd  usually   in  different   forms  of  keputoyau'e  icterus.     Bill    I » 1 1* - -]  'i'lments 
0  pass   into    the   urine   under   other   circumstan.-es,   especially    in 

animals  where  n  solution  or  destruction  of  the  red  blood  corpus 

place   through   injection  of  water  or  a  solution  of  biliary    suit  - 

her,  chloroform,  srsenxuretted  hydrogen,  phosphoru 

toluylendiamine,  and  in  other  cases.    This  occurs  also  in  mu   in   severe 

I  infections  diseases.    One  must  also  admit  of  a  tram  d  of  blood- 

Pigrrncnts  into  bile-pigments  elsewhere  than  in  the  liver,  namely,  in  the. 
blood.  Such  a  belief* has  been  made  very  probable  by  the  important 
^Searches  of  Minkowski  and  \\r\i\,  AfanaSSIXW,  Silbermanx,3  and 
love-mentioned  cases,  as  after  poisoning  with  phosphorus,  tolu- 
M'-'inlia-uine.  and  arseniuretted  hydrogen  it  lias  been  confirtned  by  d.irect 
eri'ncnt. 

The  icterus  is  also  in  these  cases  hepatogenic;  itdepends  upon  an  absorp- 
*°ea  of  bile-pigments  from  the  liver,  and  t'ui:-  absorption  seems  to  originate 
,r^  the  different  cases  in  somewhat  different  ways.  Thus  the  bile  may  be 
-coua  and  cause  a  congestion  of  the  bile  by  counteracting  the  low  se.  retion 
P^^sure.  In  other  oases  the  6ne  biliary  passages  may  be  compressed  by 
ar*  abnormal  swelling  of  the  liver-cells,  or  a  catarrh  of  the  bile-paasagea 
:ur,  causing  a  cot:  of  the  bile  (Stadklmann). 

'See  Naunyn  and  Minkowski,  Arch.  f.  exp.  Path.  u.  Phann.,  21;   Latachenherger, 
;  Neumann,  Virchow  'a  Arch.  .111.  and  the  literature  in  foot-note  4,  page  2  to 
'The  literature  belonging  to  this  subject  is  found  in  Stadelmann,  Der  Icterus,  etc 
,  1891. 
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Bile  Concretions. 

The  concrements  which  OOSOI  in  the  gall-bladder  van'  considerably  in 
size,  form,  and  number,  and  are  of  three  kinds,  depending  ujwn  the  kind 
an- 1  nature  of  the  bodies  forming  their  chief  mass.  One  group  of  gall- 
stones eoutaina  time-pigment  as  ch'u-i  constituent,  the  other  CihoUotorin, 
and  the  third  calcium  eaffaOBBte  end  phosphate.  The  eoncrements  of  the 
last-mentioned  group  occur  very  seldom  in  man.    The  so-called  cholesterin- 

-  are  those  which  occur  most  frequently  in  man,  while  the  lime-pigment 
atones  are  not  found  Vary  often  in  man.  but  often  in  oven. 

The  pigment-stones  are  generally  not  large  in  man,  but  in  oxen  and 
pigs  they  are  sometimes  (bond  the  a  wain.  .  o  larger.     In 

aaB*fl  the  hlefty  of  bilirubin-calcium  with  little  or  no  bili- 

n.     Sometimes  also  small  black   or  greenish-black,  metallic-looking 
•h  consist  chiefly  i»f  bilifuscin  along  with  bilivcrdin. 
Iron  and  copj>er  seem  to  be  regular  constituents  of  pigment-stones.     S 
ganese  and  zinc  have  also  been  found  in  a  few  cases.     The  pigment-stones 
are  generally  heavier  than  water. 

The  choUsterin-stones,  whose  SUd,  form,  color,  and  Structure  may  vary 
greatly,  are  often  tighter  than  water.    The  bactured  surface  Ls  radi 
erystalKne,   and    frequently   shews   crystalline,    ooooentric    lay 
cleavage  fracture  is  waxy  in  appearance,  and  the  fractured  surface  when 
rubbed  by  the  nail  also  becomes  like  wax.     By  rubbing  agaii  other 

in  the  gall-bladder  they  often  faceted  or  take  other  remarkable 

shapes.     Their  surface  is  sometimes  nearly  white  and  waxlike,  but  generally 
their  color  is  variable.    They  are  BOO  >th,  in  other  cases  they  are 

i  or  uneven.     The  •  plant  "r  in  4he  stones  varies  I 

642-9M  j>.  m.  (RtTTEn  ').    The  cholesterin-stones  also  sometimes  contain 
variable  amounts  oi  lime--  which  give  them  a  very  changeable 

appearance. 

Cholesterin,    C^Hj  .  or,  as   ordinarily  given,  CpH^O 

(Mvn-HNu;  and  Suida).    By  the  action  of  concent  dphuric  acid 

or  phoepl  I  also  in  other  ways,  h  ins  are  obtai 

which   are   called   cfwltstcrilin.   cholesteron,  and  cholcsti-rilme   (Zwengeb, 
Wautzky,  and  others).    M  a  and  Suroa,1  who  have  closely  studied 

5,  have  "riKn 

by  heating  cholesterin  with  anhydrout  sulphate.    The  hydrocar- 

stand,  according  to  W  -ie  group. 

\idation  with  hot,  strong,  nit-  -  dinitro- 

m  tie  1'atuU.  et  de  la  plo  1S72. 

■rrrauller.  Du  Hoi*- Raymond's  Arrh  .  1S89,  and  Z«tachr.  f.  phrstol   Chem.,  H; 
"irirr  and  Suida,  Wien.  Sitrungsber.,  Math  Nat.  Klaeae,  103,  Abtk  26,  which  akro 
*  the  older  literature. 
bob-Reymooda  Arch..  1886. 182. 
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isopropane  (Windaus).  Otherwise  on  oxidation  cholesterin  yields  partly 
indifferent  and  partly  acid  products,  which  seem  to  indicate  a  close  relation- 
ship between  cholesterin  and  cholic  acids.  Recently  Mauthner  and 
Ida  have  obtained  tliree  acids  having  the  formula?  C^H^O,,  C^H^O,, 
and  CnHjpO,  as  oxidation  products.  Diels  and  Abderhaldkn  l  obtained 
a  crystalline  acid  having  the  formula  C„HttO,  by  the  action  of  sodium 
hypobromite  upon  cholesterin.    This  acid  melts  at  290°  ('.  and  yields  crys- 

»tallinc  ves. 

Cholesterin  occurs  in  small  amounts  in  nearly  all  animal  fluids  and 
juices.  It  occurs  only  rarely  in  the  urine,  and  then  in  very  small  quanti- 
ties. It  is  also  found  in  the  different  tissues  and  organs,  especially  abun- 
dant in  the  brain  and  the  nervous  system;  further,  in  the  yoke  of  the  egg, 
in  semen,  in  wool-fat  (together  with  isocholesterin),  and  in  sebum.  It 
appears  also  in  the  contents  of  the  intestine,  in  excrements,  and  in  the 
meconium.  It  especially  occurs  pathologically  in  gall-stones,  as  well  I 
atheromatous  i  pus.  in  tubrn  1I..11    masses,  old  transudates,  cystic 

fluids,  sputum,  and  tumors.  It  dott  not  exist  free  in  all  case*;  for  exam- 
ple, it. exists  in  pari  BB  fatty-acid  esters  in  wool-fat,  blood,  lymph,  brain, 
vernix  caseosa,  and  epidermis  formation'-  Several  kinds  of  cholesterin, 
called  pky(09terine$,  have  been  found  In  the  vegetable  kingdom. 

Cholesterin  \vlii<l  1   BtyStaDiSQB  from  warm  alcohol  00  co<>]<  Oiat 

which  is  present  in  old  transudates  contains  1  molecule.. f  water  o(  crystal- 
lization, melts  at  145°  C,  and  forms  colorless,  transparent  plates  wfc 
8>des  and  angles  frequently  appear  broken  and  whose  acute  angle  is  oft 
76°  30'  or  87°  30'.     In  large  quant  it  fee  it  appears  as  a  mass  of  white  plates 
which  shine  like  mother-of-pearl  and  have  a  greasy  feeling. 

Cholesterin  is  insoluble  in  water,  diklte  aeids,  and  alkalies.      It  is  neither 
dissolved  nor  changed  by  boiling  caustic  alkali.     It  is  easily  wluble  in  boil- 
lllK  alcohol  and  crystallises  on  cooling.     It  dissolves  readQ]    in   el 
chloroform,  and  benzene,  and  also  m  the  volatile  or  fatty  ofla    it  Es  dis- 
8°Ive«l  to  a  •  alkali  salts  of  the  hue  acids.    The  solutions  in 

'"'  Her  and  chloroform  are  la*  vo  rotatory. 

Among  the  many  combinations  of  cholesterin  studied  by  <  Jhekmuller 
l*^e  propionic  ester  CjHj.CO.O.C^II^  is  of  special  interest  because  of  the 
k^havior  of  the  fused  combination  on  cooling,  and  it  is  used  in  the  detection 
r'*    cholesterin.     For  the  detection  of  cholesterin  use  is  made  of  its  reaction 

•*vHh  concentrated  sulphuric  acid,  which  gives  colored  products. 
If  a  mixture  of  five  parts  sulphuric  acid  and  one  part  water  acts  on 
a  tin  crystal,  this  crystal  will  show  colored  rings,  first  a  bright 

c^-nnine-re4  and  then  violet.     This  fact  is  employed  in  the  microscopic 


Windaus.  Biocbem.  Centralbl.,   I,  385;    Mauthner  and  Suida,    Wlsfl.    Sitz-Bcr. 
th.  Nat.   Klaaee,  112,  Abth.  116.  1003;  Dieb  and  AbderhoJden,  Ber.  d.  d.  cheru. 
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detection  of  cholesterin.    Another  test,  and  one  very  good  for  the  micro- 
scopical detection  of  cholesterin,  consists  in  treating  the  crystals  first  with 
lute  arid  and  then  with  some  iodine  solution.    The  crystals 
will  be  gradually  colored  violet,  bluish  green,  and  a  beautiful  blue. 

Salkowski  's  '  Reaction.  The  cholesterin  is  dissolved  in  chloroform  and 
then  treated  with  an  equal  volume  of  concentrated  sulphuric  acid.  The 
cholesterin  solution  becomes  first  l.lui-li  red.  then  gradually  more  violct- 
whilo  the  sulphuric  acid  appears  dark  red  with  a  greenish  fluorescence. 
If  the  chloroform  solution  is  poured  into  a  porcelain  dish  it  becomes  violet, 
then  green,  and  finally  yellw. 

LOBBUBH  \nv  J'.rr.rn  ibb  fe  :  Hrartwn.  Dissolve  the  cholesterin  in  about 
2  c.  c.  chloroform  and  add  first  10  drops  of  acetic  anhydride  and  then  concen- 
trated sulphuric  acid  drop  by  drop.    The  color  of  the  mixture  will  first 

iful  red}  then  blue,  and  finally,  if  not  too  much  cholesterin  or  sulphuric 
acid  is  present,  a  permanent  green.  In  the  presence  of  very  little  cholesterin 
the  green  color  may  appear  immediately. 

Pure,  dry  cholesterin  when  fused  in  a  test-tube  over  a  low  flame  with  two  or 
three  drops  of  propionic  anhydride  yields  a  masB  which  on  cooling  is  first  violet,  then 
blue,  green*  orange,  carmine-red,  and  finally  copper-red.  It  is  best  to  re-fuse 
the  mass  on  a  glass  rod  and  then  to  observe  the  rod  on  cooling,  holding  it  against  a 
dark  background  (Odermuller) 

Shiikk's  Reaction.  If  a  little  cholesterin  is  placed  in  a  porcelain  dish  with 
the  addition  of  a  few  drojw  of  a  mixture  of  two  or  three  vols,  of  cone,  hydrochloric 
acid  or  .sulphuric  acid  and  one  vol.  of  a  medium  solution  of  ferric  chloride  and 
carefully  evaj>oratcd  to  dryness  over  a  small  flame,  a  reddish-violet  residue  is 
first  ohtained  and  then  a  bluish-violet. 

If  a  small  quantity  of  cholesterin  is  evaporated  to  dryness  with  a  drop  of 
concentrated  nilrioarid,  one  obtai]  irspot  irMch  becomes  deep  orange-red 

with  ammonia  or  caustic  soda  (not  a  characteristic  reaction). 

Koprosterin  is  the  name  given  by  Bondzynsm  for  the  I  holesterin  which  was 
Isolated  by  him  from  human  faeces,  although  it  was  prepared  earlier  by  Flint* 
and  designated  as  atercarin.  It  dissolves  in  cold,  absolute  alcohol  and  very  readily 
in  ether,  chloroform,  and  benzene.  It  crystallizes  in  fine  needles  which  melt  at 
and  is  dextrorotatory.  «ifP)  -+24.  It  gives  the  same  color  reactions 
as  cIm  with  the  exception  that  it  does  not  give  a  reaction  with  propionic 

anhydride.     According  rwsia  end  ue  it  tsadihydmel 

•he  formula  C-H«,0,  which  is  derived  in  the  human  intestine  by  the  | 

if  ordinary  cholesterin.     These  investigators  have  found  another  chole 

irrnula  C^HwO,  in  horses'  faeces. 

Isocholesterin    is    a    cholesterin,    so-eallr  1    by    Soiitir-ZE,4    with    the    formula 

1  Pfl tiger's  Arch.,  C 

mn.  Ber.  d.  deutach.  chem.  Geadkch..  18, 1804;  H.  Burchard,  Beitrlge 
xur  Kenntniss  der  Cholcstorino.     Rostock.  1889. 

1  Baodsynald,  Tier.  d.  deutsch.  chem.  Gesellsch.,  28;  Bondxymki  and  Humnield, 
car.  f  physioL  Chem.,  22;  Flint,  ibid.,  23,  and  Amer.  Joum.  Mod.  Sciences,  1802; 
er.  ZeiUehr.  f.  physiol.  Chem.,  29. 

r.  d.  deutsch.  chem  (losellsch.,  6;  Journal  f.  prakt  Chem..  N.  F.,  25;  and 
Zettschr  f  physioi  Chem.,  14,  .122.  See  also  E.  Schulie  and  J.  Barbieri.  Journal  L 
prakt.  Chem.,  N.  F  ,  2S,  159.  In  regard  to  the  formula  for  isocholesterin,  see  Dam> 
•Udtcr  and  Lifachuu,  Ber.  d.  deutsch.  chem.  GeaelbcL,  SI,  and  K.  Schuhte,  ibid..  1200. 
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C^HoOH,  which  occurs  in  wool-fat  and  is  therefore  found  to  a  great  extent  in 
so-called  lanolin.  It  gives  the  Liebermann-Burchard  reaction,  but  does  not 
give  Salkowski's  reaction.    It  melts  at  138-138.5°  C. 

The  so-called  cholesterin-stones  are  employed  in  the  preparation  of 
cholesterin.  The  powder  is  first  boiled  with  water  and  then  repeatedly 
boiled  with  alcohol.  The  cholesterin  which  on  cooling  separates  from  the 
■warm  filtered  solution  is  boiled  with  a  solution  of  caustic  potash  in  alcohol  so 
as  to  saponify  any  fat.  After  the  evaporation  of  the  alcohol  the  cholesterin 
is  extracted  from  the  residue  with  ether,  by  which  the  soaps  are  not  dis- 
solved; filter,  evaporate  the  ether,  and  purify  the  cholesterin  by  recrys- 
tallization  from  alcohol-ether.  Th,-  cholesterin  may  b  extracted  wi  h  fat 
from  tissues  and  flu.ds  by  first  extracting  with  ether  and  then  proceeding 
as  suggested  by  Hitter.  Th  •  essential  po  n.s  in  his  m  thod  consist  in 
saponifying  the  fat  with  sodium  alcoholate,  removing  the  alcohol  by  evap- 
orating to  dryness  with  NaCl,  and  finally  extracting  the  dried,  pulverized 
mass  with  ether.  After  evaporating  the  ether  the  residue  is  dissolved  in  as 
little  alcohol  as  possible  and  the  cholesterin  precipitated  by  the  addition  of 
water.  It  is  ordinarily  easily  detected  in  transudates  and  pathological 
formations  by  means  of  the  microscope. 

~  ■ 

1  Zatsohr.  f.  physiol.  Chem.,  84. 
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DIGESTION. 

The  purpose  of  the  digestion  is  to  separate  those  constituents  of  the 
f(K)d  which  serve  as  the  nutriment  of  the  body  from  those  which  are  useless, 
Bod  to  separate  each  in  such  a  form  that  it  may  be  taken  up  by  the  blood 
from  the  alimentary  canal  and  employed  for  the  various  purposes  in  the 
organism.  This  demands  nut  only  mechanical  but  also  chemical  ad 
The  first  action,  which  is  essentially  dflpendenl  lip  physical  properties 

of  the  food,  consists  in  a  tearing,  cutting,  crushing,  or  grinding  of  the  food. 
while  the  second  serves  chiefly  in  converting;  the  nutritive  bodies  into  a 
soluble  and  easily  absorbed  fotm,  or  in  the  splitting  of  the  same  into  simpler 
combinations  for  use  in  the  animal  syntheses.  The  solution  of  the  nutritive 
bodies  may  take  place  in  certain  cases  by  the  aid  of  water  alone,  but  in  most 
cases  a  chemical  metamorphosis  or  cleavage  is  necessary ;  this  is  effected  by 
means  of  the  add  or  alkaline  fluids  secreted  by  the  glands.      1  hi 

rocesses  of  digestion  from  a  chemical  standpoint  must  therefore  begin 
with  the  digestive  fluids,  their  qualitative  and  quantitative  composition,  as 
well  as  their  action  on  the  nutriments  and  foods. 

I.  The  Salivary  Glands  and  the  Saliva. 

The  salivary  glands  are  partly  albuminous  glands  (as  the  parotid  in  miyn 
Bud  mammals  and  the  submaxillary  in  rabbits),  partly  mucous  glands  (as 
Borne  of  the  small  glandfl  in  the  buccal  cavity  and  the  sublingual  and 
maxillary  glands  of  many  animals),  ami  partly  iandi  (as  the  sub- 

maxillary eland  in  man).    The  alveoli  of  the  albuminous  glands  contain  cells 
which  are  rich  in  proteid,  but  contain  no  mucin.     The  alveoli  of  the  rnucin- 
da  contain  cells  rich  in  mucin  but  poor  in  proteid.     Cells  arranged  in 
different  ways,  but  rich  in  proteids,  also  occur  in  the  submaxillary  and 
ugual  glands.     According  to  the  analyses  of  Oidtmanx  '  the  salivary 
glands  of  a  dog  contain  790  p.  m.  water,  200  p.  m.  organic  and  10  p.  m. 
inorganic  solids.     Among  the  solids  we  find  mucin,  proteids,  nucJeoprotcids, 
nn  and  their  zymogens,  besides  extractive  bodies,  leucin,  xxin- 
bodict,  and  mineral  substances. 


1  CSt.  from  Gorup-B«an«j,  Lebrbuch.  d.  physiol.  Chem.,  4.  Aufl.,  732. 
there  given  amount  to  1010  parts  instead  of  1000  part*. 
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The  occurrence  of  a  mucinogen  has  not  been  proved.  On  the  complete  removal 
of  all  mucin  K.  Holmc-hen  '  found  DO  mucfnogen  In  the  submaxillary  gland  of  tho 
ox,  but  a  mucin-like  jrluconudeoproteid. 

The  saliva  is  a  mixture  of  the  secretion  of  the  above-mentioned  groups 
of  glands;  therefore  it  is  proper  that  a  study  be  made  of  each  of  the  different 
secretions  by  itself  and  then  the  mixed  saliva. 

The  submaxillary  saliva  in  man  may  he  easily  collected  by  introducing 
a  canula  through  the  papillary  opening  into  Wharton's  duct. 

The  submaxillary  saliva  has  not  always  the  same  composition  or  proper- 
ties; this  depends  essentially,  as  shown  by  experiments  on  animals,  upon 
the  conditions  under  which  the  secretion  takes  place.  That  is  to  say, 
secretion  is  partly  dependent  on  the  cerebral  system,  through  the  facial 
fibres  in  the  chorda  tympani  and  partly  on  the  sympathetic  nervous  system, 
through  the  fibres  entering  the  vessels  in  the  gland.  In  consequence  of 
oca  the  two  distinct  varieties  of  submaxillary  secretion  are 
distinguished  as  chorda-  and  sympathetic  saliva.  A  third  kind  of  saliva, 
the  so-called  paralytic  salim.  is  secreted  after  poisoning  with  curara  or 
after  the  Severing  of  the  glandular  nerves. 

The  difference  between  chords'-  and  sympathetic  saliva  (in  dogs)  con- 
sists chiefly  in  their  quantitative  constitution;    the   less  abundant   sym- 
pathetic saliva  la  more  viscous  and  richer  in  solids,  especially  in  mucin, 
than  the  more  abundant  chorda-saliva.     The  specific  gravity  of  the  chorda- 
saliva  of  the  dog  is  1.0089-1.0009,  and  contains   IS    14   p    m  BcB> 
Hard').    The  sympathetic   has  a  specific  gravity  of  1.0075-1 .01*. 
16-28  p.  m.  solids.    The  El             point  of  the  chorda-saliva  obtained  from 
dogs  on  electric  stimulation  varies,  accord  in  Lr  to  Nolf,1  between  J=  —0.193° 
and  — O.390,  with  B  content  of  3.3-6.5  p.  m.  salts  and  4.1-11.5  p.  m.  organic 
substances.    The  osmotic  pressure  ifl  00  an  average  a  little  higher  than 
one   half  the  osmotic  pressure  of  the  blood-serum.     The  spontanea 
8ert                bmaxillnry  saliva  is  ordinarily  somewhat  diluted.     The  gase 
the  chorda-saliva  have  been  investigated  by  IVi.i '-<;i-:it.'     B              I  0.5-0.8 
it  oxygen,  0.9-1  per  cent  nitrogen,  and  Gi.73-S5.13  per  cent  carbon 
dioxide — all  results  calculated  at  0°  C.  and  700  mm.  pressure.    The  greater 
Part  of  the  carbon  dioxide  was  chemically  combined. 

The   two  kinds   of   submaxillary  secretion  just  Domed  have  not   thus 
far  been  separately  studied  in  man.     The  secretion  may  be  excited   !,• 
amotion,  by  mastication,  and  by  irritating  the  mucous  membrane  of  the 
mouth,  especially  with  acid-tasting  substances.    Tho  submaxillary  saliva  in 
man  is  ordinarily  clear,  rather  thin,  a  little  ropy,  and  froths  easily.    Its 

'  Upaala  Lalutn-f    Fori)     N    F.),t;  also  Maly'a  Jahreeber.,  27. 
'Cited  from  Kuhno'a  Lehcb.  d.  physiol.  Chem.,  7. 
•  S«e  Maly's  Jahreaber.,  31,  494. 
*Pfluger's  Arch.,  1. 
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km  is  alkaline.     The  specific  gravity  is  1.002-1.003,  and  it  contains 
3.6— 1.5  p.  m.  solids.1     As  organic  constituents  are  found  mucin,  traces  of 
Id  Rod  dlartatic  ensyme,  wbioh  latter  is  absent  in  several  species  of 
animals.      Flit  art-  alkali  rhloridcs,  sodium  and  magnr 

phosphait  [.i-ar* donates  of  the  alkalies  and  calcium.     Potassium 

sulphocyanidt  occurs  is  this  saliva. 

The  Sublingual  Saliva.     The  secretion  of  this  saliva  is  also  influer 
by  th  ul  and  the  sympathetic  nervous  system.    The  chorda-saliva, 

which  is  secreted  only  to  a  small  extent,  contains  numerous  salivary  corpus- 
cles, but  is  otherwise  transparent  and  very  ropy.  Its  reaction  is  alkaline 
and  contains,  aocor.lin^:  tn  1  i  -  u>i  swain,'  27.5  p.  m.  solids  (in  dog 

The  quantity  and  composition  of  the  saliva  from  the  mucin  glands  as 
well  as  from  the  albuminous  glands,  as  Pawlow's  school  has  shown,  is 
greatly  dependent  upon  the  psychical  moment,  but  also  upon  the  kind  of 
substances  introduced  into  the  mouth.  Thus  the  researches  of  Wulpson  ' 
ujhui  dogi  have  shown  that  the  mucin  glands  yield  on  taking  food  a  ropy 
saliva  rich  in  mucin  and  on  irritating  the  buccal  mucous  membrane  with 
•destructive  or  nauseating  substances  a  thin  saliva  poor  in  mucin  is  ob- 
tained. 

The  sublingual  secretion  in  man  is  clear,  mucilaginous,  more  alkaline 
than  the  submaxillar*'  saliva,  and  contains  mucin,  diastatic  enzyme,  and 
potassium  sulpho<vaaide. 

Buccal  mucus  can  only  be  obtained  pure  from  animals  by  the  method 
sugg<  I*u>DEK  and  Schmidt,  which  consists  in  tying  the  exit  to  all 

the  large  salivary  glands  and  cutting  off  their  secretion  from  the  mouth. 
The  quantity  of  liquid  secreted  under  these  circumstances  (in  dogs)  was  so 
very  small  thai  tin  |  iters  named  were  able  to  collect  only  2  grams  of 

buccal  mucus  in  the  course  of  one  hour.     It  is  a  thick,  ropy,  sticky  liquid 
containing  mucin;   it  is  rirh  in  form-elements,  above  all  in  flat  epithelium- 
mucous  cells,  and  salivary  corpuscles.    The  quantity  of  solitis  in  the 
buccal  mucus  of  the  dog  is.  according  to  Bidder  and  Schmidt,*  9.98  p.  m. 

Parotid  Saliva.  The  secretion  of  this  saliva  is  also  partly  dependent  on 
the  cerebral  nervous  system  (a.  glossopharyngetis)  and  partly  on  the 
sympathetic.  The  secretion  may  be  excited  by  emotions  and  by  irri- 
tation o(  the  glandular  nerves,  either  directly  (in  animals)  or  reflexl . 
mechamcal  or  chemical  irritation  of  the  mucous  membrane  of  the  mouth. 
Among  the  chemical  irritants  the  acids  take  first  place,  and  the  saliva  thus 
secreted   contains,  according  to  the  observations  of  Wtrusox  upon  dogs 
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THE  SALIVA. 


y  win  D8  much  organic  matter  ai  the  saliva  Beoretad  after  taking  mod. 

.ration  has  great  influence  in  the  secretion  of  parotid  saliva,  and  this 
is  especially  marked  i  herbivorft. 

Human  parotid  saliva  nun-  D6  fOlldlTy  collected  by  the  introduction  of  a 

canula  i:  ..-.on'.-,  duct.      This  saliva  is   thin,  less  alkaline  ilun  tin- 

submaxillary  saliva  (the  first  drops  an  BomatimaB  neutral  or  u  Id),  without 

;il  odor  or  taste.     It  contains  a  little  proteid  but  no  mucin.  which  is  to 

be  expected  from  the  construction  <>f  tin-  inland,      h  also  mntains  a  diastatic 

enzyme-,  which,  however,  is  absent  in  runny  animals.      The  quantity  of  Bottdfl 

varies  between  5  and  16  p.  m.    The  specific  gravity  is  1 .003-1.012.     I'otas- 

sulphocvanide  seems  to  be  present,  though  it  is  not  a  constant 

lent.     Ki  1.7. '  found  a  maximum  of  1.40  per  rent  oxygen,  &2  pet 

nitrogen,  and  in  all  66.7  per  cent  carbon  dfoddfi  m  ban  id  saliva. 

The  quantity  of  firmly  combine*!  carbon  dioxide  was  02  j>er  cent. 

.  The  mixed  buccal  saliva  in  man  is  a  colorless,  faintly  opalescent,  slightly 

easily  frothing  liquid  without  special  odor  or  taste.     It  is  made  turbid 

by  epitheliuniHrlls.  mucous  and  salivary  corpuscles,  and  often  by  food 

residues.     Like  the  submaxillary  anil  parotid  saliva,  on  exposure  to  the  air 

H  becomes  covered  with  an  incrustation  consisting  of  calcium  carbonate  and 

all  quantity  of  an  organic  substance,  or  it  gradually  In  DOZBfil  cloudy. 

Its  reaction  is  generally  alkaline  to  litmus.     The  degree  of  alkalinity  varies 

considerably  not  only  in  different  individuals  but  also  in  the  same  individual 

during  different  parts  of  the  day,  so  that  it  is  difficult  to  state  the  average 

alkalinity.     According  to  Ohittknden  and  ¥a.\  it  correspond-  to  the  alka- 

of  a  0.8  p.  m.  Xa, CO,  solution,  or  to  a  0.2  p.  m.  solution,  according  to 

The  reaction  may  also  be  acid,  as  found  by  Sticker  to  be  the  case 

<•  after  a  meal,  but  tin-  is  not  true  at  least  for  all  individuals.     The 

specific  gravity  varies  between  1.002  and  1.00S,  and  the  quantity  of  solids 

I  10  p.  m.    According  to  Cohn  s  the  J—  —0.20°  on  an  average 

LlQt  <•'.   \  iCl  is  1.6  p.  m.     The  solids,  irrespective  of  the  form- 

ntuents  '  .  cunstst  of  proteid,  mucin,  two  enzymes,  ptyalin  and 

glu?aac,  and  mineral  bodies.     It  is  also  claimed  that  urea  is  a  normal  con- 

if  the  saliva.     The  mineral  bodies  are  alkali  chlorides,  bicarbonates 

of  the  alkalies  and  calcium,  phosphates,  and  traces  of  sulphates,  nit 

ammonia,  and  sulphocyanides,  which  latter  average  about  0.1  p.  m.  (Munk 

and  others).     Smaller  s  0.03-0.04  p-  m.,  are  found  in  the  saliva  of 

DBS  and  Kui  i;kr  '). 

•  Zeii*chr.  f.  Bialogie,  23. 

'  (  hitunden  and  Ely,  Amor.  <_'hem.  Journ.,  4,  18S3;    Chittenden  and  Richards, 
Amrr  Jour  !      --tricker,  cited  from  Centralis.  (.  Physiol.,  I,  237;   Cohn, 

Deut«ch.  med.  Wocbenschr.,  1900. 

tow'fl  Arch.,  «9;   Schneider,  Amer.  Journ.  of  Physiol.,  6;   Kruger, 
Zeitschr   f.  Hiologie.  37. 
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Sulphocyanides,  which,  although  not  constant,  occur  in  the  saliva 
man  and  certain  animals,  miy  be  easily  detected  by  first  acidifving  th< 
saliva  with  hydrochloric  acid  and  treating  with  a  very  dilute  solution 
ferric  chloride.     As  control,  especially  in  the  presence  of  very  small  qui 
tities,  it  is  best  to  compare  the  test  with  another  test-tube  containing  ai 
equal  amount  of  acidulated  water  and  ferric  chloride.     Other  methods  hav 
been  suggested  by  Oschkidlkn  and  Soi.kka.     The  quantitative  eMimatioi 
can  be  done  according  to  Munk's  '  method, 

Ptyalin,  or  salivary  diastase,  La   the  anxiolytic  enzyme  of  the  saliv 
This  enzyme  is  found  in  human  saliva,*  but  not  in  that  of  all  anim 
especially  not  in  the  typical  carnivora.     It  occurs  not  only  in  adults,  b 
also  in  new-born  infants.     In  opposition  to  Zweifel's  views  Berg 
claims  that  it  is  present  not  only  in  the  parotid  gland  of  children,  but  also 
the  mucin  gland. 

According  to  H.  Ooldhchmidt*  the  saliva  (parotid  saliva)  of  the  hoi 
not  contain  ptyalin,  hut  a  zymogen  of  the  same,  while  in  other  animals  and  rni 
lh  •  ptyalin  U  Formed  from  the  zymogen  during  •  rnofc^^^ji 

is  transformed  into  ptyalin  during  mu-sl  irulion,  and  bacteria  seem  to  give  t_  i)« 
impulse  to  tins  change.  During  precipitation  with  alcohol  the  zymogen  is  chang£^s<i 
mlo  ptyalin. 

Pty  I  in  a  pure  form  up  to  the  present  t  me.         It 

can  be  obtained  purest  by  (  method,  which  consists  in  carry&x^c 

.■nzyine  down  mechanically  with  a  calcium-phosphate  precipitate  a.x~»'  1 

ing  the  precipitate  with  water,  which  dissolves  the  ptyalin,  and  from 

which  it  can  be  obtained  by  precipitating  with  alcohol.     For  the  study     <>r 

demonstration  of  the  action  of  ptyalin  one  employs  a  watery  or  glyccri**e 

extract  of  the  salivary  glands,  or  simply  the  saliva  itself. 

l'tyalin,  like  other  enzymes,  is  characterized  by  its  action.     This  co  •*" 
in  converting  starch  into  dextrins  and  sugar.      The  process  going    ^*n 
in  this  conversion  may  be  described  sa  follows:    [n  the  Brsl  stages  sohisfc*!® 
starch   or  nnudulin   is  formed.     From    this   atnidulm,   erythrode\:rin   m    *l 
sugar  are  produced  by  hydrolytic  cleavage.    The  crythrodextrin  then  spl 
into  rt-achroodr\triu  and  sugar.    From  this  achroodcQctrin  by   splitls?  —  ^ 
/?-aehroodextrin  and  sugar  are  formed,   and    finally    this  0-achrOodl 
splits  into  sugar  and   ?--ach  rood  ex  trim     Other  investigators  explain  t- 
process  in  another  manner  (see  Chapter  III) ,  hence  the  exact  procedure  is  c 
completely  clear.    Still  the  results  are  positive  as  to  the  sugar  produ 


<3t 


1  Gscheidlen,  Maly's   Jahresber.,  4;    Solera,  see  ibid.,  7  and  8;    Munk,    V 
Arch..  09. 

'  In  regard  to  the  variation  in  the  quantity  of  ptyalin  in  human  saliva  see:  Hof 
Centralbl.  f.  Physiol.,  10,  and  Chittenden  and  Richards,  Amer.  Journ.  of   Physiol. 
Schnle,  Maly's  Jahresber.,  29. 

■Zweifel.  I'ntereuchungen  absrdsn  Verdauungsapparat  der  Neugeboreoen  (Ber~*    ""' 
1874) ;  Berger,  see  Maly's  Jahresber,  SO.  399. 

4Zeitschr.  f.  physiol.  Chem.,  10. 

•Virchow's  Arch.,  28. 
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this  process.  For  a  long  time  it  was  considered  that  dextrose  vras  the  sugar 
/nmieil  from  starch  and  glycogen,  but  BSBGXS  and  O.  Nassk  have  shown 
that  this  is  not  true. 

IIUSCULUB  and  v.  Mr:i<ivo  have  shown  that  the  sugar  formed  by  the 
action  of  saliva,  amylopsin,  anil  diastase  upon  starch  and  glycogen  is  in 
jri-*?«test  part  maltose.     This  hi  betaniuted  by  Brown  and  Hkrox. 

Lii  Ki  lz  and  J.  Voosl  '  hav  <-d  that  in  the  saccharifica- 

tarch  and  glycogen,  isotnaltose,  maltose,  and  some  dextro.se  are 
ft  t  medj  'he  varying  quantities  depending  upon  the  amount  of  ferment  and 
length  of  its  action.  The  formation  of  dextrose  is  claimed  by  Tebd, 
"Rohmaxx,  and  HaUBUBGEB  2  to  be  only  a  product  of  the  inversion  of  the 
m&ltose  by  the  >:luca.se.     The  action  of  small  quantities  and  salts 

Uptm  the  activity  <>f  pryalin,  purified  by  dialysis,  has  been  ftlldied  D]  I      LB.1 
The  action  of  ptyalin  in  various  reactions  has  been  the  subject  of  numer- 
ous investigations.4    Naturally   the  alkaline  saliva   ii  very  active,  but 
it    is  not  as  active  as  when  neutral.     It  may  be  still  more  active  under  cir- 
cumstances in  faintly  acid  reaction,  and  according  u  0HITFBNSB2K  and' 
Smith  it  acta  better  when  enou  chlorfo  acid  is  added  to  saturate 

I     tli  ,   than  when  only  simply  neutralized.     When  the  aci.  I- 

combined  proteid  S3  I  certain  amount,  then  the  diastatir  lotion  Eg 

<lii  |  be  addition   of  alkali   to   the  sali1  BBSS  its  diastatie 

action;  on  neutralizing  the  alkali  with  acid  OK  carbon  dioxide  the  retarding 
°r  preventive  action  of  the  alkali  is  arretted.  According  to  SCHUDllUBGE 
carboi:  has  an  accelerating  action  in  neutral  liquids,  while  Eustkin 

claims  that  it  has  as  a  rule  a  retarding  action.  Organic  as  well  as  taofganid 
acitk.  when  added  in  gntncienl  quantity,  may  stop  the  <n  setian 

entirely.  The  degree  of  acidity  necessary  in  this  case  is  not  always  the 
same  for  a  certain  acid,  but  [a  dependent  npon  Hie  quantity  of  ferment. 
The  same  degree  of  acidity  in  the  presence  of  large  amounts  of  ferment  has 
a  Weaker  .  •  an  in  the  presence  of  smaller  quantities.      Hydrochloric 

*cid  is  of  special  physiological  interest  in  this  regard,  namely,  it  prevents 
^e  formation  of  sugar  even  in  very  small  amounts  (0.03  p.  m.).     Hydro- 


'  Scegvn,  Geatnlbl  f.  d.  med.  Wissenscb.,  1870,  orn  UmjBl.  19;   Nasse, 

Mering,  Zeftaohr,  f.  pbyaioL  Oben  .  I;    Brown  and  Heron, 
Anna!.,  199  and  204 ;  Kiili  and  Vagal,  Zoitaobr  f.  Biologic,  :il 
.       lTe'olv  ,  15;    Kohmann,  Ber.  d.  deutsch.  chem.  Geaellsch  ,  27; 

'^ami.ur  .  GO. 

'  Joan,  <-!  PhyrioL,  30. 

ianimareten,  Maly's  Jahresber.,  1;    Chittenden  and  Griawold,  Amcr.  Chem. 

nxirr\  ,  t;    I.anpley,  Journal  of  Physiol.,  ,'{;    Nyl.'-n.  Maly's  Jahresl.rr.,  If,  211  :    Chit- 

_^n,lrri  tad  My.  Arner.  Chem.  Joum.,  4;    Lanjrley  and  Eves,  Journal  of  Physiol..  1; 

.^'ttenden  and  Smith,  Yale  CoDegi  1,  1885,  1 ;  Schlesiiigcr.  Yin-how's  Arch., 

-hierbeck,  Skand.  Arch.  f.  Physiol.,  .1;  Ebsteui  and  C.  Schulze,  Virchow's  Arch., 

**  :    Kubel.  Pfluger's  Arch.,  70. 


2D2 


DIQESTIOS. 


chloric  acid  has  not  only  the  property  of  preventing  the  formation  of  sugar, 
but,  as  shown  by  Langley,  Nylkn,  and  others,  may  entirely  destroy  the 
enzyme.  This  is  important  in  regard  to  the  physiological  significance  of 
the  saliva.  That  boiled  starch  (paste)  is  quickly,  and  unboiled  starch  only 
slowly,  converted  into  sugar  is  also  of  interest.  Various  kinds  of  unboiled 
starch  are  converted  with  different  degrees  of  rapidity. 

We  have  several  series  of  investigations  upon  the  rapidity  with  which 
klis  ictfl,  an i.l  like  testing  enzyme  action  in  general,  they  have  not  made 
Dae  of  the  different  timet  to  produce  equal  chemical  changes  as  a  measure  of 
the  rapidity,  but  have  selected  the  quantity  of  substance  changed  in  equal 
6.  Although  the  results  are  somewhat  divergent  it  is  possible  to  deduce 
the  following  from  the  result*.  The  rapidity  increases,  at  least  under  con- 
ditions otherwise  Favorable,  with  the  amount  of  enzyme  and  with  an  increas- 
ing temperature  to  a  little  above  40°  C.  Foreign  substances,  such  as  metallic 
salts,1  have  different  effects.  Certain  Baits  btbo  in  small  quantities  com- 
pletely arrest  the  action;  for  example  HgCl,  accomplishes  this  result  com- 
pletely by  the  presence  of  only  0.05  p.  m.  Other  salts,  such  as  magnesium 
sulphate,  in  small  quantities  (0.25  p.  m.)  accelerate,  and  in  larger  quantities 
(5  p.  in.)  cheek  the  action.  The  presence  of  peptone  has  an  accelerating 
action  on  the  sugar  formation  (Chittenden  and  Smith  and  others).  The 
accumulation  of  the  products  of  the  amylolytic  decomposition  also  checks  the 
action  of  the  saliva.  This  has  been  shown  by  special  experiments  made 
by  5n.  I.ka.3  He  made  parallel  experiments  with  digestion!  in  teat-tub 
and  in  dialyzers,  and  found  00  the  removal  of  the  products  of  the  amyloly- 
tk  decomposition  by  dialysis  that  the  formation  of  sugar  took  place 
sooner,  but  also  tliat  considerably  more  maltose  and  less  dextrin  were 
form 


v.  the  action  of  saliva  or  ptyalin  an  starch  the  three  ordinary  testa 
lor  d  be  used,  namely.  Moore's  or  Tiu>mmkk\s  test 

-.\  ).     It  is  also  necessary,  as  a  control,  to  | 
iste  and   the  saliva  for  the  presence  of  dextrose.    The 
the  transformation  of  starch  into  amidulin,  erythrodextrin, 
rin  may  be  shown  by  testing  with  iodine, 
only  occurs  in  saliva  to  a  slight  extent.     It  eonveHs  maltose 
it '  saliva  also  has  the 
ted  hydrogen  from  the  sulphur  oils  of  r:s  miens,  and  certain 

■r  vegetables. 

iHve  com  position  of  the  mixed  saliva  must  vary  considerably, 
only  l*cause  of  individual  differences,  but  also  because  under  var. 

or'*  Arch.,   11,  and  Chittenden  and  Painter,  Yale  College 
,  1.  1883.  52     Kubd,  Pfluger's  Arch.,  "6. 
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conditions  there  may  be  an  unequal  division  of  the  secretion  from  the  differ- 
ent glands.    Wo  give  below  a  few  analyses  of  human  saliva  as  examples  of 
(imposition.    The  results  are  in  parts  per  1000. 
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H  \\wj  KiiAOiF.n  found  in  1000  parts  of  the  ash  from  human  ri 
.  soda  95.'.»  iron  oxide  60.11,  magnesia  1.65,  sulpburio  anhydride 
Pho»|  ide  (iy>4>  188.48,  and  chlorine  183 

e  quantity  of  saliva  secreted  during  twenty-four  hours  cannot  be  ex- 
actly dataramuM.  1  ■ut  bus  li.cn  calculated  by  Biddkk  and  Schmidt  to  be 

l-400-i.VHi  grama,    The  most  abundant  secretion  oooun  during  mes. 

According  t«.  the  calculations  ami  di.-torminuiion.-.  of  TnOBK1  in  man,  1 
grain  of  gland  yields  13  grams  of  secretion  in  1 1n*  course  of  one  hour  do  rim: 
ftiastication.     These  figuree  correspond   fairly  well  with  those  repr; 

average  secretion  from  1  gram  of  gland  in  animals,  namely,  14.2  grams 
in   the  horse  and  8  grams  in  oxen.     The  quantity  oi  ion  per  hour 

xnay  be  B  to  14  times  greater  than  (he  entire  na  mds.  and  there  is 

probably  no  gland  in  the  entire  body,  as  far  as  is  known  at  present — the 
kidneys  not  excepted — whose  ability  of  secretion  under  physiological  con- 
ditions equals  that  of  the  salivary  glands.  A  remarkably  abundant  secre- 
■fcion  of  saliva  is  induced  by  pilocarpine,  while  atropine,  on  the  contrary, 
krevents  it. 

That  the  secretion  of  saliva,  even  if  we  do  not  consider  such  substances 

aas  ptyalin,  mucin,  and  the  like,  is  not  a  process  of  filtration,  follows  from 

many  reasons,  especially  the  following:  The  salivary  glands  have,  more- 

a  specific  property  of  eliminating  certain  substances,  such  as  potassium 

ealts  (Salkowski  *),  iodine,  and  bromine  combinations,  but  not  others, 

*  ZeiLscLr.  i.  physiol.  Chan  ,  •">.     The  other  analyses  are  cited  from  Mitly,  Clictnie 
der  Verdauungasaftc,  Hermann's  Handhuch  d.  Physiol.,  5,  part  II,  II. 

*  Bidder  and  Schmidt.  1.  a,  13;  Tuasek,  Zeitechr.  I.  Biologic,  12. 

*  Vircbow's  Arch.,  53. 
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such  as  iron  combinations  and  dextrose.  It  is  also  noticeable  that  the 
saliva  is  richer  in  solids  when  it  is  eliminated  quickly  by  gradually  increased 
Stimulation,  and  in  larger  quantities  than  when  slower  and 

less  abundant  (Hr:rm-:\ii\i\).    The  amount  of  salts  increases  also  to    a 
certain   decree  by  an   increasing:    rapidity    of   elimination    (IIkiuknha  I 
W  EBBTHEB,  LaNGLEY  and  Fi.itchkr,  Novi '). 

Like  the  secretion  processes  in  general,  the  ion  of  saliva  is  close li 

connected  with  tin-  proOBUKfl  in  tin-  cells.     The  chemical  processes  going  01 
in  these  cells  durin  >wn. 

Physiological  Importance  oj  Iht  S<ili>v.     '1*1  tt-  quantity  of  water 
the  saliva  renders  possible  the  action  of  Bertein  bodies  on  the  organs  of 
md  H  b! ■  "  terveB  as  a  solvent  for  a  part  of  the  nutritive  substances. 
The  importance  of  the  BaHva  in  mftrttoatfon  Ls  especially  marked  in  her- 
bivora,  and  there  Is  no  question  as  to  its  importance  in  faoiUtetmg  the  act 
of  swallow  i  I'll.'   -mIi.i   roniainum   mucin  is  especially  important  in 

this  regard,  and  Pawl  .ehool  has  shown  that  the  Booretion  also 

regulates  itself  in  this  regard.  In  dogs  dried  broad  produced  an 
abundant  flow  of  saliva  rich  in  mucin,  while  fresh  meat  which  excited 
the  appetite,  produced  a  comparatively  smaller  secretion.  The  power 
of  converting  starch  into  sugar  is  not  inherent  in  the  saliva  of  all 
1-.  and  even  whan  it  possesses  this  property  the  int.n-.iiy  varies  in 
different  animals.  In  man.  who  e  saliva  forms  sugar  rapidly,  a  production 
of  BUgar  from  (boiled)  starch  undoubtedly  takes  place  in  the  mouth,  but 
how  far  this  action  proceeds  after  the  morsel  has  entered  the  stomach  de- 
pends upon  the  rapidity  with  which  the  acid  gastric  juice  mixes  with  the 
swallowed  food,  and  also  upon  the  relative  amounts  of  the  gastric  juice  and 
food  in  the  Stomach.     The  large  quantity  of  water  which  is  swallowed  with 

saliva   must   be  absorbed  and  pass  into  the  blood,  and  it  mi 
through  an  intermediate  circulation  in  the  organism.    Thus  the  organism 
possesses  in  the  saliva  an  active  medium  by  which  a  constant  stream,  con- 
ihe  dissolved  and  finely  divided  bodies,  passes  into  the  blood  from 
the  intestinal  canal  during  digestion. 

Salivary  Concremcnts.      The  so-called    tartar  is   yellow,  gray,  yellowish -gray, 
brown  or  black,  and  ha  •  i   bratified  structure.    It  may  contain  more  than  200  , 
organ  i'  rial  of  mucin,  epithelium,  and  lkptothrix-ch 

part  of  the  inorganic  constituents  consists  of  calcium  carbonate  and 
phosphate.     The  nlivary  calculi  may  vary  in  size  from  that  of  a  small  grain 
!  a  pea  or  still  larger  (a  salivary  calculus  has  <         ound  weighing  18.6  £* 
it  contains  a  variable  quantity    of  organic  substances  (50-> 


.ii  .1 


remains  on  extracting  the  calculus  with  hydrochloric  acid, 
tuent  is  calcium  carbonate. 


The  chief  inorganic 


1  Hcidcnhain,  ltliigcra  Arch..  17;  Wc-rthcr,  ibid.,  38;  Langley  and  Fletcher.  Proe- 
Roy.  BoOn  4.*».  and  especially  Phil,  Trans.  Roy.  Soc.  London,  ISO;  Novi,  Da  Rots* 
Reymond'B  Arch..  1888. 


GLANDS  OF   THE  STOMACH  AND  GASTRIC  JUICE. 


H.    The  Glands  of  the  Mucous  Membrane  of  the  Stomach,  ami  the 

Gastric  Juice. 

DM  of  old.  the  glands  of  the  i  <>at  of  the  stomach  have  been 

divided  into  two  distinct  kinds.    Those  which  occur  in  the  greatest  abun- 
dance and  wfai  h  have  the  greatest  BUS  in  the  fundus  ai 

m  or  pepsin  glands,  and  '  which  occur  only  in  ih.-ncigh- 

'*>rhood  of  the  pylorus  have  received  the  name  of  pyloric  glands,  samel 

khOUgfa  incorrectly,  called  mucous  <jlands.  The  uiucc |]fl  OOatiag  of  the 
stomach  is  covered  throughout  With  a  layer  of  columnar  epithelium,  which 
is  generally  considered  m  GOBsfotiiig  of  goblet  cells  that  produce  mucus  by  a 
unorphosis  of  the  protoplasm. 
The  fundus  glands  contain  iwo  kinds  of  cells:  40SLQH0BPfitC  or  chief 
«ells,  and  delomorphic  or  parietal  cells,  the  latter  formerly  called 
Ren  ,-, .11:-.      Both  kinds  consist  of  protoplasm  rich  in  proteids; 

but  their  relationship  to  coloring-matters  seems  to  show  that  the  pi 
stances  of  both  are  not  identical.    The  nucleus  must  consist  chiefly  of 
auclein.     Besides   the   above-mentioned    constituents    the   fundus  glands 
Contain  as  more  specific  constituents  several  enzymes  or  their  gym 
besides  a  little  fat  and  eholestorin. 

The  pyloric  glands  contain  cells  which   are  generally  CO]  as 

related  to  the  above-mentioned  chief  cells  of  the  fundus  glands.     As 
glands  were  formerly  thought  to  contain  a  larger  quantity  of  mucin,  they 
*ere  also  called  mucous  "lauds.     According  to  HMDBNHA1N,  indepeu 
°f  the  columnar  epithelium  of  the  excretory  duets  they  take  no  part  W" 

on    in   the  formation  of   mucus,  which  according'    to  his   views  is 

the  epithelium  covering  the  mucous  membrane.     The  pyloric 

g'ttnds  also  seem  to  contain  the  zymogens  referred  to  above.     Alkali  eiuo> 

^des.  alkali  phosphates,  and  calcium  phosphates  are  found  Ln  the  mucous 

c°ating  of  the  stomach. 

LiKiiKKMANN  '  has  obtained  an  acid-reacting  residue  on  digesting  the  mucosa 
the  stomach  with  pepsin-hydrochloric  acid,  which  stninjrrlv  contained   no 

J^r-lfin,   hut    only  a  proteid   containing  lecithin,  called    tenithalpumin.     To    thfc 
i  ilbumin  he  ascribes  a  great  importance  in  the  secretion  of  hydros 

••Id, 

The  Gastric  Juice.  The  observations  of  Helm  and  BBAUMOlfT  on 
I^fsnns  with  gastric  fistula  led  to  the  suggestion  that  gastric  fistulas  be 
^^le  on  animals,  and  this  operation  was  first  pea  by  BASSOW  2  in 

l^4-2  on  a  dog.    Vku.ni.i  el  performed  the  same  on  a  man  in  1K7G  with 


V 


1  l'fluger'i  Arch.,  60. 

3  Helm,  Zwei  Knuikengeachichten.     W  CSt.  from  Hermann's  Handbuch, 

Part  II,  39.  Beaumont.  "Tlu-  Physiology  of  I  ligation,"  1833;  Basso w,  Bull,  de 
•oc.  des  natur.  dc  Moscou,  10.     Cit.  Irani  Miily  in  Ib-nnanri's  Ihtndbudi.  o,  38; 


^t-neuU.  w*  Ch.  Ricliet,  "DuSac  gastrique  ehcz  l'homme,"  etc  (Parin,  1878),  158. 
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successful  results.     Pawlow  l  has  recently  improved  the  surgery  of  gastric 
fistula  and  has  added  much  to  the  study  of  gastric  secretion. 

The  secretion  of  gastric  juice  is  not  continuous,  at  least  in  man  and  in  the 
mammals  experimented  upon.     It  only  occurs  under  psychic  influence, 

also  by  stimulation  of  tfaemuoous  membrane.   According  to  the  ordinary 
this  stimulation  may  be  of  a  mechanical,  thermic,  or  chemical  nature.   Amonajej 
the  latter  is  included  alcohol  and  ether,  which  when  in  too  groat  concentre/ — " 
lion  do  not  produce  a  physiological  secretion,  but  a  transudate  of  a  neutnu^- 
or  faintly  alkaline  fluid.    To  this  class  also  belong  certain  acids,  carbon-"* 
dioxide,  neutral  salts,  meat  extracts,  spices,  and  other  bodies,  but  unfoT— ■ -" 
Innately  tin-   reported    observations   are    uncort eJU  and  contradictory ;  but- — 
there  does   not   seem  to  be  any  doubt,   that   in  man  alcohol  and  meau 
extracts  at  least  have  an  accelerating  action  upon  the  flow  of  juice. 

The  most  exhaustive  researches  on  the  secretion  of  gastric  juice  (u 
dogs) have  been  done  by  Pawlow  and  his  pupils. 


In  order  to  obtain  gastric  juice  free  from  saliva  and  food  residues  they  arranpd 
besides  a  gastric  fistula  also  an  u-sophaiic '•!  fistula  from  which  the  swallowed  food 
could  ItM  withdrawn   with  the  saliva  without  eiiteriiiR  the  BtCMDBch,  U>d  in  this 

manner an apparent feeding waa poaniblo.    Inth  m  po.ssihi«>  in  -t ■. 

ii ■  1 1 : it sni ■<•  of  psychical  moments  on  one  side  and  the  dired  action  of  food  on  the 
mucous  membrane  on  the  other.      After  a  method  suggested  by  Hkioe.niiain  and 

Inter  improved  by  Pawlow  and  Kfu'Ink.  they  have  succeeded  in  preparing  e 
sac  by  partial  duaootion  of  the  fundus  part  of  the  stomach,  and  th 
process!  h  eenld  ba  studied  in  this  sac  while  the  digestion  in  the  other  p 
stomach  was  going  mi.     In  this  way  they  were  able  to  study  the  action  of  differei  " 
foods  on  the  secretion. 


■ 
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The  moei  essential  results  of  the  investigations  of  Pawlow  and  his 
pupils  are  as  follows:  Mechanical  stimulation  of  the  mucosa  does  not  produce 
any  Becretion.  Chemical  and  mechanical  irritations  of  the  mucous  mem- 
brane of  the  mouth  cause  no  reflex  excitation  of  the  secretory  nerves  of  the 
stomach.  There  are  only  two  moments  which  eause  a  secretion,  namely, 
the  psychical  momoni  —the  passionate  desire  for  food  and  the  on  of 

satisfaction  and  pleasure  on  partaking  it — and  the  chemical  moment 
action  of  certain  chemical  substances  on  the  mucous  membrane  of  the 
stomach.    The  first  moment  ia  the  raoal  important.     The  secretion 
ring  under  its  influence  by  the  vagus  fibres  appears  earlier  than  that  pro- 
duced by  chemical  irritants,  but  always  aftei  a  pause  of  at  least  4  j  minu 
This  secretion  is  more  abundant  but  less  continuous  than  th-  ical    ' 

It  yields  a  more  acid  and  active  juice  1  ban  the  latter.  As  chemical  excitants 
which  cause  a  secretion  reflexively  through  the  stomach  mucosa  we  include 
only  water  and  certain  unknown  extractive  substances  contained  in  meat 


JUT- 


*  Pawlow,  Die  Arbeit  der  Verdauungmiruscn  ( Wiesbaden,  1.K9S),  where  the  worka^* 
of  hia  pupils  arc  also  mentioned.     See  also  Ergebniase  der  Phyaiologie,  1.  Abt  I. 
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and  meat  extracts,  in  impure  peptone,  and  also,  it  seems,  in  milk.  Accord- 
ing a  Hf.rzkn  and  Radzikowski  '  alcohol  is  also  a  st  ong  agent  in  pro- 
qg  a  flow  of  juice.  Carbonated  alkalies  have  a  preventive  instead  of  an 
accelerating  action  on  secretion.  Fats  have  a  retarding  action  on  the 
appearance  of  secretion  and  diminish  the  quantity  of  juice  secreted  as 
well  as  the  amount  of  enzyme.  The  substances,  such  as  egg-albumin, 
which  act  as  chemical  stimulants  cannot  be  digested  by  the  "psychical" 
secretion,  but  may  perhaps  cause  a  chemical  secretion  by  their  decomposi- 
tion prod 1 1 

The  quantity  of  juice  secreted  during  digestion  is  proportional  to  the 
quantity  of  food,  and  the  secretion  of  pastric  juice  may  also  be  influenced 
by  the  kind  of  food.  This  action  of  various  foods — meat,  bread,  and  milk — 
may  be  arranged  in  progressive  series  as  follows: 


ay. 

Digestive  Aclirity 

Duration  of  Sacrvtion. 

1. 

Meat. 

Bread. 

Bread. 

2. 

Milk. 

Meat. 

Meat. 

V,. 

Bread. 

Milk. 

Milk. 

The  acidity  is  greatest  with  a  meat  diet  and  lowest  with  bread;  the 
quantity  of  enzyme  is,  on  the  contrary,  highest  with  a  bread  diet  and 
lcrwest  with  milk. 

The  secretion  in  the  stomach  may  also  be  influenced  by  the  small  intes- 
tine, and  in  this  way,  as  shown  by  the  recent  investigations  of  Pawlow 
and  WiRSon/r.sKi,2  the  fats  have  a  retarding  action  upon  gastric  diges- 
acting  reflexly  upon  the  duodenal  mucosa.  According  to  Frouin 
'the  food  in  tin-  Intestine  jh-'hIuccs  a  secretion  of  gastric  juice  which 
continues  after  the  action  of  the  psychic  moment  has  ceased.  Lkcontk  ' 
arrived  at  similar  results,  and  he  ascribes  less  importance  to  the  chemical 
secretion  as  compared  to  the  psychic  secretion  than  Pawlow  does. 

We  know  very  little  in  regard  to  the  secretion  in  man  and  the  rej>orts  at 
Hand  are  very  contradictory.  An  action  of  the  psychic  moment  has  thus 
far,  in  most  cases,  not  been  confirmed  to  any  mentionablc  degree.  Horn- 
BouG,who  recently  studied  a  case  of  gastric  fistula  with  (esophageal  stricture 
1X1  a  boy,  could  not  observe  any  influence  of  the  psychic  excitement.  The 
c  hewing  of  indifferent  or  badly  tasting  bodies  had  no  action,  while  on  the 
rary  the  chewing  of  bo  b  a  pleasant  taste  produced  a  more  or 

•*»  abundant  secretion.  That  the  preparation  of  the  food  in  the  mouth 
k*8  an  essential  influence  upon  the  secretion  is  proven  without  doubt ,  l-ut 
w°  arc  not  united  as  to  how  this  action  takes  place.     Certain  experimenters 


1  Pfltiger'a  Arch.,  84, 519. 

I  from  ( '  Cohnheim,  Munch,  med.  Wochenachr,  1902. 
•  Frouin.  Compt.  rend.  aoc.  biol.,  53;  Leconto,  I,a  Cellule,  17. 
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consider  the  secreted  and  swallowed  saliva  as  the  most  essential  factor  ia 
this  action,  while  others  believe  the  chemical  action  and  the  sense  of  taste 
to  be  most  important.  Among  the  chemical  excitants  Verhavqen1  bUdu 
the  extractive  bodies  of  meat  are  tlie  most  acti\ 

T)\c  Qualitative  and  Quantitative  Composition  of  the  Gastric  Juke.  The 
gastric  juice,  which  can  hardly  he  obtainexl  pure  and  free  from  residues  of 
the  f-  od  <>r  from  mucus  and  saliva,  is  a  clear,  or  only  very  faintly  cloudy, 
and  iu  man  nearly  colorless  fluid  of  an  insipid,  acid  taste  and  strong  acid 
reaction.  It  contains,  as  form-eleinents,  glandular  cells  or  their  - 
mucus-corpuscles,  and  more  or  less  changed  columnar  epithelium. 

I  lie  acid  reaction  of  the  gastric  juice  depends  on  the  presence  off.ee 
acid,  which,  as  has  been  learned  from  the  investigations  of  C.  Schmidt, 
Kirn  it,  and  others,  consists,  when  the  gastric  juice  is  pure  and  free  from 
particles  of  food,  chiefly  or  in  large  part  of  hydrochloric  acid.     Contk. 
has  regularly  found  traces  of  lactic  arid  in  the  pure  gastric  juice  of  fasting: 
dOgB.     After  partaking  of  food,  especially  after  a  meal  rich  in  carlx>hydnte0» 
lactic  acid  occurs  abundantly,  and  sometimes  acetic  and  butyric  a  i-k    In 
new-born  dogs  the  acid  of  the  stomach  is  lactic  acid,  according  to  Gm 
The  quantity  of  free  hydrochloric  acid  in  the  gastric  juice  is,  accordii: 
Paw  low  and  his  pupils,  in  dogs  5-6  p.  m.,  and  in  cats  an  ta  520 

II CI.     In  man  the  acidity  has  been  found  to  vary  considerably,  but 
it  is  generally  calculated  as  2-3  p.  m.  HC1.     According  to  VeBHABG 
researches  there  is  no  doubt  that  pure  human  gastric  juice  from  perfectly 
healthy  persons  has  a  higher  acidity.     There  is  hardly  any  doubt  that  At. 
a  pert  of  the  hydrochloric  acid  of  the  gastric  juice  does  not  exist  fre^ 
in  the  ordinary  sense,  but  combined  with  organic  substances.' 

"As  chief  organic  constituent,  perfectly  fresh  gastric  juice  (of  dogs)  con- 
tains a  very  complex  substance  (or  perhaps  a  mixture  of  substances)  wbk 
coagulates  on  boiling  and  which  separates  on  strongly   cooling   th 
This  substance  is  considered  by  certain  experimenters  (Xexcki  and  Situac* 
and  Pawlow)  as  the  conveyor  of  the  several  ferment  actions  of  the  gastric^ 
juice,  i.e.,  the  pepsin  as  well  as  the  rennin  action.     Gastric  juice  also  con  — 
taim  and  chlorine,  and  yields  nuclcoproteid,  proteose,  nuclein 

and  pentose  as  cleavage  products  (Nencki  and  Sikhkk  s). 


1  Horuborg,  Bidrag  till  kannedom  om  maganftaf&ondringen  hoa  manniskan,  Inaug 
Dissert.  II<  lr>i!i£fore,  1903  Different  result*  have  been  recently  obtained  by  Bula 
wui*ew,  niochem.  Centralbl.,  1,  593;   Verhacgen,  "La  Cellule,"  1S96  and  1897. 

•  Didder  and  Schmidt,  Die  Verdauungwafte,  etc.,  44;   Richet,  1.  c;  Contejeaa,* 
tributions  a  1'etude  da  la  physiol.  de  I  estomac.  Tfa&es.     Paris,  1892. 

•  Pfluger'a  Arch.  90. 

•  See  Richet,  1.  c;  Contejean.  1.  c. ;  Verhacgen,  1.  c. ;  and  the  literature  <m  the 
mat  ion  of  hydrochloric  acid  in  the  gastric  contents  (page  315). 

1  Zeitachr.  /  physiol.  Cb«u.,  tt. 
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The  specific  gravity  of  gastric  Juice  is  low.  1.001-1.010.  It  is  corre- 
spondingly poor  in  aotids.  Older  analyses  of  gastric  juice  from  man,  khfl  dog, 
and  the  sheep  have  been  made  by  C.  Schmidt.1  As  these  analyses  refer  only 
to  impure  gastric  juice  they  are  of  little  value.  The  quantity  of  solids  in 
saliva-free  gastric  juice  from  a  dog  was  27  p.  m..  with  17.1  p.  rn.  organic 

'ance.  The  quantity  of  free  hydrochloric  acid  WM  8.1  p.  EL  Bt 
these  Schmidt  found  NaCl  1.4G;  CaCl,  0.6;  KC11.1;  NH.O  O.o;  earthy 
phosphates  1.9;  anil  1\T<>(  0.1  p.m.  Nknvki  3  found  5  milligrams  sul- 
phocyanic  acid  per  liter  of  gastric  juice  of  a  dog.  The  pure  gastric  juice 
of  another  dog  contained,  according  to  Xknvki  and  Sieber,'  an  average 
of  3.06  p.  m.  solids. 

Besides  the  free  hydrochloric  acid,  pejNRfl>,  nnnin,  and  a  lipase  are  the 
other  physiologically  Important  oonBtituenta  of  gastric  jnioe. 

Pepsin.  This  ensyme  ia  found,  with  the  exception  of  certain  fishes,  in 
all  vertebrates  thus  far  investigated. 

psin  occurs  in  adults  and  in  new-born  infants.     This  conditio 
rent  in  new-born  animate.     While  in  a  few  herbivt  ten  as  kha 

rabbit,  pepsin  occurs  ir>  i li<- tnucous  coat  I)' i'r>   I  ii  Hi   this    i  ;irely 

altaent  at  the  birth  of  irnivora  which  have  thus  far  been  examined, 

such  as  aid  cat. 

In  various  invertebrate  i  have  also  bean  found  which  have  a 

olutiona.     It  baa  bees  shown  that  these  enzymes, 
nevertheless,  are  not  in  all  anuiials  identical  w'ith  ordinan 

to   KLUG  and   Wro'bLBWSKI  *  the  pepsins  found  in  mai  ..rictus 

higher  animal-  arc  somewhat  different.  I'.nzymes  also  occur  in  various 
plants  and  animal  organs;  although  not  identical  with  papain, they  act  in 
acid  reao  I   band  to  a  certain  extent  between  papain  and  trypsin.    To 

t  this  group  belongs  Glaesbneb  a  pseudopeptin,  which  according  to  hirn  is  the 
only  peptic  enzyme  in  the  pylorus  end,  but  whoae  «:  \  puted  by 

paeudopepsin  acta,  according  l<  .  also  in  neutral 

and  alkaline  reaction  Ida  tryptophan  among  other  cleavage  prod- 

ucts. Among  the  enzymes  of  the  mucosa  of  the  stomach  belongs  the  so- 
called  mtfipepsin  first  discovered  by  Daxilewski  and  then  also 

by  Wr.ivi.AM>,6  and  which   has  a  retarding   action  upon  pepsin  digestion 
and.  as  is  admitted,  prevents  the  self-digestion  of  the  mucous  membrane. 
Pepsin  is  as  difficult  to  isolate  in  a  pure  condition  as  other  enzvn 
The  pepsin  prepared  by  Batten  and  SUNDSBBQ  gave  negative  results  with 


'  L.  c. 

■  Ber.  d.  d  chem.  Gesellsch.,  28. 

•Zritechr.  f.  pbysiol.  Chem.,  32. 

•King,  Pfliigcr's  Arch ..  00;   Wroblewski,  Zeitschr.  f.  pbysiol.  Chem.,  21 

*GUeasner,  Hofracttter's  Bcitrugo,  I;   King,  Pfliigcr's  Arch.,  02. 

•  TTenad.  see  Biocbem.  CentralM. ,  1, 404;  Weinlaod,  Zeitechr.  f.  Biologic,  44. 
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most  reagents  for  prnteids,  and  showed  nevertheless  a  powerful  acti- 
seems  to  indicate  that  it  is  very  pure.  Schoumow-Simanowski,  Xkncki  and 
SxXBSfl  and  also  Pekelharing  have  designated  as  the  true  enzyme  the  sub- 
stonce  containing  chlorine,  which  they  obtained  by  Btroogry  coofing  the 
gastrin  juice.     That  this  substance  is  not  an  individual,  and  hence  eannot 

in,  follows  from  the  investigation.^  of  PXKSUUBDKL  While  pepsin, 
according  to  Ni:n«:ki  ami  SeBBEB,  was  rich  in  phosphorus  anil  contained 
onclcoproteid,  Pkkkliiaring's  pepsin  was  free  from  phosphorus  and 
yielded  no  aoaleoproteid. 

Frikdj-.nth  vl  anil   Miyvmota1   have  also  shown  that  the  pepsin 
still  active  after  the  splitting  off  of  the  nuclein  complex  (and  also  the 

The  question  as  to  the  nature  of  pepsin  has  not  been  posit 
decided,  just  as  is  the  case  with  other  enzynii  og  to  Bierxackj  ' 

pepsin  in  neutral  solutions  is  destroyed  by  heating  to  55°  C.  In  the 
presence  of  8  p.m.   EK3  a  temperature  of  withou  j    the 

pepsin  in  acid  solution  is  destroyed  by  betting  to  (55°  ( '.  for  five  minutes. 
On  addmg  peptone  and  certain  salts  the  pepsin  may  be  heated  to  70°  C. 
without  decomposing.  In  the  tin,'  state  it  can,  on  the  contrary,  be  heated 
to  over  100*0.  without  losing  its  physiological  action.  The  only  property 
which  is  characteristic  of  pepsin  ifl  that  it  dissolves  proti  68  in  acid 

but  not  in  neutral  or  alkaline  solutions,  with  the  formation  of  proteoses, 
peptones,  and  other  products. 

The  methods  for  the  preparation  of  relatively  pure  pepsin  depend,  as  a 
rule,  upon  it^  property  of  being  th  >wn  with  finely  divided  pp 

tates  of  other  bodies,  hi  labium  phosphate  or  cholesterin.      The  rati 

Complicated  methods  of  Bstfr  KB  and  SuNnmno  are  based  Ul 
ertv.     1'kkklhakinu  makes  use  of  a  prolonged  dialvsis  and  precipitnt 
with  0.2  p.  m.  BGL 

Very  pennanenl   pepsin  solutions,  from  which  the  enzyme  with 
proteid  can  be  precipitated  by  alcohol,  may  be  prepared  I 
tion  with  gryeerine.    Solutions  having  ■  strong  action  may  al-  pared 

by  making  an  infusion  of  the  gastric  mucosa  of  an  animal  in  acidil 
•   m.  HO).     This  is  unnecessary,  as  we  can  obtain  pure  gu 

to  Pawl  i.  and  also  because  very  active  eommc 

can  Ik;  boueht  in  the  market. 

Tlie  Action  of  Pepain  on  Proteids.  Pepsin  b  inactive  in  neutral  or 
alkaline  reactions,  but  in  acid  liquids  it  dissolves  coagulated  proteid 
bodies.    The  proteid  always  swells  anil  transparent  l>efore  it  dis- 

solves.    Unboiled  fibrin  swells  up  in  a  solution  containing  1  p.  m. 


.  Sitrungsber,  43;  Sundbcrc,  Zritschr.  f.  physiol.  Chem.,  9; 
mow-Simanowski.  Arch.  f.  cxp.  Path.  u.  Pharra.,  33;  Pckclharing,  Zeitachr.  f  physiol 
Chem.,  22  and  35;  Nencki  and  Sieber,  ibid.,  32;  Friedenthal  and  Miyamoto,  CentralhL 
C  Physiol..  15.  785. 

1  ZciUchr.  I.  Biologia,  S3. 
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forroins  a  gelatinous  mass,  and  does  not  dissolve  at  ordinary  lure 

within  a  couple  of  days.     Upon  the  addition  of  a  little  pepsin,  however, 
tffcl  ten    mass    dissolve!   quickly  at  ordinary  temperatures.      Ilanl- 

boUed-egg  albumen,  cut  in  thin  pieces  with  sharp  edgi  '  pi-n-rptibly 

tinged  by  dilute  ftdd  (2-4  p.  in.  HC1)  at  the  temperature  of  the 
like  course  of  Beveral  hours,     Bui   Ehe  simultaneous  presence  of  pepsin 
e«xii-,s  the  edges  to  become  dear  and  transparent,  blunt  and  BWOll 
lhc  proteid  gradually  dissolves. 

From  what  has  been  said  above  in  regard  to  pepsin,  it  follows  that 
r»*-c.tii<Js  may  be  .cdasamen>  ig  pepsin  in  liquids.    Ou.- 

{l  *  » nu  may  be  employed  as  well  as  coagulate!  unien,  which  latter  is 

i  the  form  of  slices  with  sharp  edges.  As  the  fibrin  is  easily  digested 
*•*•  tlie  normal  temperature,  while  the  pepsin  test  with  egg-albumen  requires 
!  I  I  i  attire  of  the  body,  and  as  the  test  with  fibrin  is  somewhat  more 

'^ Plicate,  it  preferred  to  that  with  egg-albumen.     When  Icol 

in  teat"  without  further  explanation,  we  ordinarily  Understand 
l^-   :i  with  fibrin. 

This  test,  neverthele  9  fibrin  UBed   hould  be  ox-fibrin 

^•rid  i)..!  in,  which  last  ta  dis  olved  too  readily  with  dilute  acid  sJ 

J  be  unboiled  ox-fibrin  may  be  dissolved  by  add  alone  withoul  pepsin,  but 
M11-  ag  with  unboiled  fibrin  at  normal 

1  make  a  control  teat  with  another  portion  of 
"M.r  same  fibrin  with  a  since  at  the  temperature  of  the  body 

tJnboiled  fibrin  !y  dissolved   by  acid  alone,  it   is  best  always  to 

Work  with  boiled  fibrin. 


As  pepsin  has  not  thus  far  been  prepared  in  :i  positively  pure  condition, 

he  absolute  quantity  of  papain  in  a  liq  ml.  It 
is  only  possible  bo  compare  the  relative  amounts  of  pepsin  in  two  or  more 
liquids,  which  may  be  done  in  several  ways. 

The  older  method,  that  <if  Hh'i'xkf.,  consists  in  diluting  th*-  two  pepsin  solu- 
tions to  I  red  with  certain  proportions  of  1  p.  m.  hydrochloric  add,  so 
thai  when  the  amount  of  pepsin  contained  is  the  original  solution  la  equal  be  1, 

contains  a  degree  of  dilution,  p,  corresponding-  to  I,  J.  '.  \, 
A  Book  of  fibrin  <ir  s  piece  of  hard-boil<d  .<-.]  to  each  t.-st  sod  the  tune 

i<-st  begins  to  digest  and  whi  I'tif  relative  amount 

of  popsin  is  calculated  from  the  rapidity  of  digestion  si  foDo  />™ii 

J,,',,    of  one  series  wa.  digested  in  the  -:iut.       m  1,  J,  \  of  thl 

ace  tho  first  solution  contained  four  times  as  much  pepsin.     This  method 
u  not  used  as  often  SB  the  following: 

Kbit's  Method.     Draw  up  *  hiteof  egg  in  a  glass  tube  1-2  millimeters  in  di.-nn- 

.■i" iilsta  it  by  plunging  it  into  hoi  water  at  Oo0  C.  and  cut  the  sni 

hmi  add  two  tulies  to  each  test-tube  with  a  few  cubic  centimeters  of  the 

•:!:...-.  iii. -in  :.i  iii-  -.-t.  .-it  iin.i\  t em |*  rat  nro,  and  after  a  certain 

time,  generally  after  ten  hours,  measure  the  lineal  extent  of  the  digested  layer 

of  albumen  in  bearing  in  mind  that  the  digested  layei  si 

DUSl  not  he  longer  than  '*>  7  millimeters.  The  quantity  of  pepsin  in  the 
comparative  tests  is  us  the  square  of  the  millimeters  of  the  albumen-column  dis- 
solved in  the  same  tune.     Thus  if  mono  case  2  millimeters  of  albumen  wore  dis- 
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solved  and  in  the  other  3  millimeter*,  thpn  the  quantity  of   pepsin   is   as  4:9. 
If  the  fluid  removed  from  the  stomach,  which  is  rich  in  bodies  having  a  disturb- 
ing influence  uj>on  pepsin  digestion,  is  to  be  tested,  then  the  liquid  must  be  first 
properly  diluted  with  2-4  p.  m.  hydrochloric  acid  (Nikkenstkin  arid  BCHIVF1). 
Objections  have  been  raised  against  these  methods  from  several  sides,  but 
Ban   be  recommended  for  practical  purposes  as  being  simple   and   rather 
lie.     Hippert  and   B,  Schutz  measure  the  relative  C[0  of  pepsin 

from  the  amount  of  secondary  proteoses  formed  under  certain  conditions.     The 
DBM  were  determined  by  the  polariaeope.     J.  BCHdH  determines  the  total 
nitrogen  and  Bfbioos1   finds   that   the   change   in    the   viscosity   is 
measure  of  the  amount  of  pepsin. 

The  rapidity  of  the.  pepsin  diyestion  depends  on  several  circun 

'  acids  are  unequal  in  their  action;   hydrochloric  acid  shows, 
in  slight  concent  rat    i    o.s   l.sp.  m.,n    nore  powerful  action  than  any  i 
aeid.  whether  inorganic  or  organic     In  greater  concentration  other  acid- 

I  powerful  action,  and  one  can  say  that,  as  a  rule,  the  acids  having 
thegreatot  avidi'y  have  a  greater  action  in  flight  concentration  than  weak 

m  ids.      Still  sulphuric  acid  forms  an  exception   (PfLETOERBR).     The  state- 
ments in  regard  to  1  ii«-  action  of  various  acida  ate  aomewhat  contradictory.* 

,)>;>  of  m  "Idy  is  also  of  the  greatest  importance.  With  hydrochloric 
acid  the  degree  of  nrUilv  ifl  not  Hie  same  for  different  proteid  bodie  ,.  For 
fibrin  it  is  us  1  p.  m.,  for  myosin,  casein,  ami  vegetable  proteida  about 
1  p.  in.,  for  coagulated  egg  albumen,  on  the  contrary,  about  2.5  p.  m.  The 
rapidity  of  the  digestion  increases,  at  least  to  a  certain  point,  with  the 
quantity  nf  pepsin  present,  unless  the  pepsin  added  is  contaminated  by  a 
ntity  of  the  products  of  digestion,  which  may  prevent  its  action. 
According  to  B.  Si-mrrz,'  whose  statements  have  been  confirmed  by 

;  d  others,  the  digestion  prodllCtB  produced  in  a  certain  time  are,  within 
certain  limits,  proportional  to  the  square  root  of  the  relative  amounts  of 

i.     The  accumulation  of  products  of  digestion  has  a  retarding  a< 
on    digestion,    although,    according    to    ChTTFIINDEN    and    A*.  the 

.al  of  the  da  p   Hon  products  by  means  of  dialysis  does  not  essentially 
^  the  relationship  between  the  pi  and  true  peptones.    r< 

slower  at  low  ten. ]>era tares  than  ii  does  at  higher  ones.     It  soth 

in  the  neighborhood  of  0°C,  but  digestion  takes  place  very  slowly  ai 
lemperaturek     With  increasing  temperature  the  rapidity  of  digestion  also 
tees  until  alxuit  40°C.f  when  the  maximum  is  reached.     Accor 


1  Mett,  see  Pawlow,  I.  c.  Ill  ;  Xicraruitain  and  Schifi*.  Tied   klin.  Wochcnachr. , 
1  Huppert  and  SchuU,  Pfluger'*  Anh  ,  00;  J.  Bdb&ta,  Zcitschr.  f.  physiol. 

;>n;    -,  i  .  3i. 

■S»  /.cifcwhr.  f  physiol.  Chem.,  21,  and  especially  Pfieiderer,  Pfluger'a 

Arcb  ,  06,  which  al*o  gives  references  to  other  works,  and  Larin,  Diochem.  Centrmlbl., 

•  SaitMhr.  f  phyaiol.  Chem.,  » 
1  Journ.  of  Physiol.,  14. 
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to  the  investigations  of  Flai  \t  ■  it  is  probable  that  the  relationship  between 
proteoses  and  peptones  remains  the  same,  irrespective  of  whether  the 
digestion  takes  place  at  a  low  or  high  temperature,  as  long  as  the  digest  i"n 
is  continued  for  a  long  enough  time.  If  tin:  WHB6RQ  Up  o]  the  protcid  is 
pr*  - -. . •' 1 1 •  ■  I.  M  by  the  addition  of  neutral  salts,  such  as  NaCl  in  si; ffi< m mt 
amounts,  or  by  the  add  ion  of  bile  to  the  acid  liquid,  digestion  can  be 
prevented  to  a  greater  or  less  extent.  Foreign  boditt  of  different  kinds 
pwdDM  different  a  tions,  in  which  naturally  the  variable  quantities  in 
which  they  are  added,  are  of  the  greatest  importance.  Safiq  HU  Mid  and 
C  carbolic  acid,  and  ( spec  ally  sulphates  iT'kij.ii>i:ki;k).  retard  digestion, 
wraile  acid  promote  it  (CBTnsaVDBtf),  and  hydrocyanic  acid   il 

r*  -ImutIv  Hidir'rir.MH.  Aloobol  in  large  quantities  (10  per  cent  and  above) 
disturbs  the  digestion,  While  small  quantities  act  indifferently.  Metallic 
sa.lt<  in  v.-ry  small  quantities  may  indeed  cornet i  ion, 

b\it  otherwise  they  tend  to  retard  it.     The  acti<m  (rf  matalHo  salts  in  dil- 
rent  cases   can   be  explained    in  various  ways,  but  they  often     eem  to 
form   with    proteids    insoluble    <>r   difficultly    soluble    combinations,     The 
alkaloids  may  also  retard  the  pepsin  digestion  (Hi  ;ti  i.-.ni-.s  and  A; 
A  very  large  number  of  obfierv&tioni  have  been  BU\de  in  regard  to  the  ." 
°f  substances  on  artificial  pepsin  digestion,  but  as  these  observa- 

tion have  n.it  given  any  direct  result  in  regard  to  the  action  of  those  samo 
tances  on  natural  digestion,  as  w.  pos  secretion  and  absorp- 

I  aol  discuss  thetn  here. 
The  Products  of  the  Digestion  of  Prolculs  by  Meant  of  Pepsin  and  Acid. 
*11  the  digestion  of  QUOleo proteids  or  nuclcoalbumius  an  insoluble  residue 
°f  nudein  or  peeudonuclem  always  remains,  although  under  certain  circum- 

8tan<  Diplete  solution  may   occur.     Fibrin   si  an   insoluble 

tie,  which  consists,  at  least  in  great  part,  of  nuclein,  derived  from  the 

form-elements  enclosed  in  the  blood-clot.     This  residue  winch  rem 

t'lf-  digestion  of  certain  proteids  was  sailed  dyspeptone  by  Mi  it  EL     In 

ligation  of   proteids,  substances   similar   to  acid    albuminates,  para- 

P*ptone  (Mkhsnt  n1),  antialbunwtr,  and  antialbumid  (Kiiinki,  may  also  be 

'0r»ned.    On  separating  these  bodies   the  filtered   liquid,  neutralised  at 

Dg-point,  contains  proteoses  and  peptones  in  the  old  sense,  while  the 

Called   Kium;  t  ue  peptone  and  the  other  cleavage  products  are  only 

ned   after  a   longer  and  more   intense  digestion.    The  relationship 

BSD    the    various   proteoses    changes    very  much    in    different    cases 

digestion  of    the  various    proteids.      For  instance,  a  larger 


1  Zeitschr.  f   Biologie,  28. 
.      '  Studies  from  the  Lab.  Physiol.  Chem.  Yale  University,  1,  76.     See  also  Chitten- 
^  and  Stewart,  \bid.,  8,  60. 

1  The  works  of  Meissncr  on  pepsin  digestion  are  found  in  Zeitschr.  f.  rat.  Med.,  7, 
*»  10, 12,  and  14 
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quantity  of  primary  proteoses  is  obtained  from  fibrin  than  from  hard- 

ad-egg  albumen  or  from  the  proteidsof  meat;  and  the  different  pn>tei<: 
BOOOlding  to  the  researches  of  Ki.ro, '  yield  on  pepsin  digestion  unequal 
quantities  ol  ili«'  various  dig<-  I    ll        In  the  d  ed 

fibrin  an  intermediate  product   may  be  obtained  in  the  earlier  st  aires 
the  digestion — a  globulin  which  coagulates  at  ">.r>°  (.'.  (Hasi.iikoj.k  ?).     For 
rm.utii.n  in  regard  to  the  different  proteoses  and  peptones  whieh  are 
formed  in  pepsin  digestion  the  reader  I  I  bo  piw  W  44). 

Action   of   /''/'••  chloric   Add  on   Otlur   Bodies.    The  gelatine- 

forming  (tultsUina  of  the  connective  (EISBU6,  of  the  cartilage,  and  of  the  !  sines, 
from  whir  h  last  the  a«  id  only  dissolves  the  inorganic  is  eon- 

i  do  gelatine  by  digesting  with  gastric  juice.    The  gelatine  is  further 

changed  BQ  that  It  loses  its  property  of  gelatinising  and  is  converted  into 
i:«-l:ii >'.•<:-   ami   |»«  SS  page  63}.       True   mMd'ii   (from    the  submaxil- 

lar1. olved  by  the  gastric  juice,  yielding  substances  similar  to  pej>- 

tonc  and  a  redwing  BUbstaaOS  similar  to  that  obtained  l.v  boiling  with 
a  mineral  m  is  dissolved  more  slowly  and  yi.l.1-    the  I 

mentioned  BUbetanoea  (page  60).      Keratin  and   the  epidermal   fonuations 
insoluble.     The  nuclrin  Is  dissolved  with  difficulty  and   the  eell    BQfll 

i. lore,  remain  undissolved  in  great  part  in  (fa  mi 

evil-no  rribratk  is,  as  a  rule,  n  lived  the  nearer  it  standi 

elast'm,  and  it  dissolves  with  greater  difficulty  the  more  closely  it  ia  rela&i 

to  keratin.     The  membrane  of  Ike  ■planl-nll   is   DOl    d  •tiormo- 

globm  is  changed  into  ha-matin  and  profe 

i.    It  is  for  this  Mason  thai  blood  ia  changed  into  a  dark-brown 

mass  in  The  gastric  juice  does  not  act   on  fat,  hut,   D 

contrary     dissolves    the 0  nie  of    fatty  tissue,  Betting   1 1n-    tat 

fret .  '  ic  juice  has  no  anion  on  starch  or  the  simple  varieties  of  sugar. 

The  statements  in  regard  to  the  ability  of  gastric  juice  to  invert  cane- 
sugar  are  very  contradictory.  At  least,  this  action  of  the  gastric  juiee  ia 
not  constant,  and  if  it  Is  present  at  all    it   is   probably  due  to  the  action 

of  the  acid. 

•d.  has  no  action  oM  protefde,  and  an  add 
i.  trie      '        can  only  very  slowly,  if  at 

albumen  rature  of  the  body.     Pepsin  and  acid  togetl 

more  quickly   bul  qualitatively  Ihey  act  otherwise  than  the  arid  . 

This  has  !•  bo  presence  of  a 

hypothetical 
pepsin  digestion,  it  seen  |y  the  same  products  as   Lbs   hydro 

cleav.i  can  only  say  for  the  present  thai   ill 

werfully  ac<  derating  a  process  wl  id  proceed 

.n.  the  c  italysator. 

Rennin,  or  chymosin,  ia  the  second  enzyme  of  thi  It 

ic   juice  of  man  under  physiological  conditions,   | 


'Pfluger'aArch.,65. 


1  Zcitschr.  f.  phystol.  Chem  .  1 1 
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may    bo  under    special     pathological    conditions     (8CS1A0 

Boas,   JoBKBOK,    ClbMPBBKR1).       It    is    habitually    found    in    the    D9U- 

'  iy  infusion  of  the  fourth  stomach  of  the  calf  and  .sheep. 
dally  in  an  infusion  of  the  fundus  part.     In  other  mammals  and  in  birds 

It  is  seldom  f  tund,  and  In  fishes  hardly  ever  hi  the  neutral  infusion.    In 
these  cases,  as  in  man  and  the  higher  aoSmaiSi  b  ram  I  ines, 

;i  j-..  ran  which  is  converted  into  rennin  by  the  action  of 

An  acid.     Bnsymes  acting  Iflce  rennin  in  the  blood  and 

several  organs  of   hi  nals,  as   well   as   in   invertebrates.     Si) 

«nzymee  also  oocur  widely  diffused  in  the  plant  kingdom,  and  numerous 
•  "-organisms   have   the  power  of  producing  rennin  enzymes. 
Ucnnin  is  just  IS  difficult  t.o  prepare  in  1  pure  stale  BS  the  other  enzymes. 
The  purest  rennin  enzyme   thus   far  obtained   did    not  give   the  ordinary 

■prot.-  Ions.    On  heating  it-  solution  rennin  ia  more  a  uckly 

destroyed.  il<  |  Upon  the  length  of  heatinu'  and  up. "ii  the  concentration. 

If  an  ac  ong  infusion  of  the  gastric  mucosa  in  water  contain- 

3  p.  m.  HCI  is  heated  to  37- 1" '  I '.  for  48  hours,  the  rennin  is  destr 

"while  the  pepsin  remains.  A  pepsin  BOlntion  free  from  remiin  can  be 
obtained  in  this  way.  Rennin  is  characterized  by  its  physiologies]  action, 
which  consists  in  coagulating  milk  or  a  casein  solution  containing  lime, 
if  neutral  or  very  faintly  alkaline.  The  law  of  the  action  of  this  enzyme  is 
different  from  the  action  of  pepsin.  As  specially  shown  by  Ft  lo;*  within 
certain  limits,  the  coagulation  time,  '/',  is  equal  to  l  constant,  C,  divided  by 
the  quantity  of  rennin,  L. 

Fnun  the  different  laws  of  pepsin  and  rennin  action  it  follows  that  the  repeated 
appearance  recentlyoi  the  view  of  Pawlow  s  school,  that  pep>in  and  rennin  arc. 
BAM  bodies,  cannot    be  correct.     Tfiis  also  follows  from  the  fact   th;  i 
•  if  pepsin  may  I*  prepared  which  have  no  rennin  action.     <ii.w 

the  proenzymea  of  l>oth  bodice  and  baa  shown  their  different 
division  iu  the -ton i. 'i rb.    According  to  \iMKi  and  Sebbbi    with  whom  P 
babimo'  aycaa,  the  enzyme  of  the  •  ins  a  gtaantk  molecut  which 

fa  aNe  to  perform  the  different  actions  at   the  Bame  time  although  each  ei 
i   with  .i  certain  atomic  complex.     Such  a  view  might  a] 
hut  as  th"  <»f  both  ■  m  :ind  rennin,  u  well  as 

d  be  8epaf.i;c'l  fnun  each  other, and  us  the  bod 

from  the  gastric  juic-e  by  cold  and  which  forms  the  ferment,  haf 
to  l»e  a  mixture,  this  view  does  not  seem  to  be  sufficiently  well  ground 

v  be  carried  down  by  other  precipitates  like  ot)  mes 

,  be  obtained  relatively  pure.     It  may  also  be  obtaii 


how's  Arch.,  97.     A  good  review  of  the  literature  tuny  be  found 
ur  K'-imtnUa  des  Labenzym  nach  Beobaohtut 
,  Jidirli  f.  Kindarheilkunde,  N.  F.,  .11.    See  alao  I.-.rclior,  I'ilu  •  ,  |§, 

uhii-h  also  contains  the  pertinent  literature.     An  excellent  review  of  the  literature  oa 
i  its  action  may  be  found  in  K.  l'ul.l,  Ergebniase  der  Physiol.,  1,  Aba.  1 . 
5  liofrneister's  Bdtr&jre,  2. 
1  rHawiiai.  ibid.,  1;  Zeitechr.  f.  physiol.  Chenx,  32. 
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taminated  with  a  great  deal  of  proteids,  by  extracting  the  mucous  coat 
the  stomach  with  glycerine. 

A  comparatively  pure  solution  of  rennin  may  be  obtained  in  the  follow- 
ing way.     An  infusion  of  the  mucous  coat  of  the  stomach  in  hydrochloric 
acid  is  prepared  and  then  neutralized,  after  which  it  is  repeated  1 . 
with  new  quantities  of  magnesium  carbonate  until  the  pepsin  is  pn 
tated.    The  filtrate,  which  should  act  strongly  on  milk,  is  precipitated  by 
basic  lead  acetate,  the  precipitate  decomposed  with  very  dilute  sulphuric 
.ni, I.  the  ai'iil   liquid  filtered  and  bested  with  a  solution  of  stearin  soap. 
The  rennin  is  carried  down  by  the  fatty  acids  set  free,  and  when  these 
an-  placed  in  water  and  removed  by  shaking  with  ether,  the  rennin 
watery  solution. 

Parachymosin  is  the  name  given  by  Bang  l  to  another  rennin  enz 
which  occurs  in  pepsin  preparations,  but.  not,  in  the  calf's  stomach.  The 
enzyme,  on  the  contrary,  forms  the  true  rennin  enzyme  of  the  human  and 
stomach.  Parachymosin  is  very  much  more  resistant  towards  acids 
than  calf  rennin,  but  it  is  more  readily  destroyed  by  alkalies.  Calcium 
chloride  accelerates  the  casein  coagulation  with  parachymosin  very-  much 
more  than  with  chymosin. 

Plastein.      As   mentioned  on  page   44  Dami.i.wskv    first    showed   the 
power  of  rennin  solution  of  causing  a  partial  coagulation  of  proteoses  a' 
converting  them  into  so-called  plastein.    This  action,  which  is  also  asei 
to  other  enzyme  solutions  (see  page  44)  has  probably  nothing  to  do  with 
the  rennin  enzyme,  but  depends  more  likely  upon  another  enzyme.     The 
nature  of  these  enzymes,  as  well  as  the  manner  and  importance  of 
plastein  formation,  is  still  unknown. 

Gastric  Lipase  b   vikafsin).     F.  VoLHABS  3  has  made  the  < 

v  ihat  the  gftStdc  juice  had  a  strong  fat-splitting  action  only  when  the 
fat  was  in  a  fine  emulsion,  as  in  the  yolk  of  the  egg,  milk,  or  cream.  This 
i  enzyme  ex  tractable  from  the  mucosa  by  glycerine, 
and  whose  action  it  seems  follows  Schutz's  law  for  pepsin,  and  the  quantity 
is  as  to  the  square  of  the  en/.ymotie  products.  This  enzyme,  which  seems 
to  be  produced  from  a  eymegen,  is  \<-ry  sensitive  inwards  alkalies. 

The  question  whether  the  parietal  cells  principally  or  the  chief 
or  bothj  take  part   in  the  formation  of  free  acid  Ls  somewhat.  di 
There  can  be  no  doubt  that  the  hydrochloric  acid  of  I 

■n  the  chlorides  of  the  blood,  because,  as  is  well  known,  a 
of  perfectly  typical  gastric  juice  takes  place  in  the  stomachs  of  fa 

1  Dcutsch.  med.  Wochenschr.,  1899,  and  Pnuger's  Arch.,  79. 

•Munch,  med.  Wochenschr.,  1900,  and  Zcilachr.  f.  klin.  Med.,  42.  43.     See.  also 
Stadc.  Hofnieistcr'*  Baftrlfft,  8. 

•See  Hddenhain,  Pflugtf'a  Arch.,  18  and  19,  and  nermann's  Handbuch,  S.  port  I, 
"AbsonderunjesvortfUiK*";  Klctnensicwics,  Wien.  .SitzunKsber.,  71;  FrftnkeJ,  Pfliiger's 
Arrh  ,  4.N  and  60;  Conlejean,  I.  c. Chapter  II;  Kranenburg,  Archive*  Teyler,  Series 
Haarlem,  1901,  and  Moase,  Centralbl.  f.  Physiol. ,  17,  217. 
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starving  animals.     As  the  chloride*  of  the  blood  are  derived  from   the 
food,  it  is  easily  understood,  as  riftOffD  by  Cahn,'  that  in  dogs  after  a  suffi- 
ciently long  common-salt  starvation  the  stomach  secreted  a  gastric  jiLce 
containing  pepsin,  but  no  free  hydrochloric  and.     On  tin  administration 
BOlnbk  chlorides,  a  gastric  juice  containing  hydrochloric  acid  was  imnie- 
d  lately  secreted.     On  th"  introduction  of  alkali  iodides  or  bromides.  Kllz, 
-Vkmsi  and  6choi  manowbki*  have  shown  that  the  hydrochloric 

aci<i  of  the  gastric  juice  is  replaced  by  IIBr,  and  to  a  less  extent  by  III. 
T*fc*.c  secretion  of  free  hydrochloric  acid  from  the  blood  has  been  explained 
i£»      ^various  ways,  but  as  yet  fcfa  re  i-  no  satisfactory  theory. 

After  a  full  meal,  when  the  store  of  pepsin  in  the  stomach  is  completely 

e^-lraustcd,  Schiff  claims   that  certain  bodice,  especially  dextrin,   have 

tl  *<2  property  of  causing  a  supply  of  jicp.-in  in  the  mucous  membrane.    Thia 

«rharge  theory,''  though  experimentally  proved  by  severe]  investigators, 

n-^-e  nevertheless  not  yet  been   confirmed.     On   the  contrary,  the  state- 

tx^snt  of  BCHOV  that  a  substance  forming  pepsin,  a  "pepsinogen"  or  "j/ro- 

jxin,"  occurs  in  the  ventricle  has  been  proved.     La.nci.ky  '  has  shown 

IX^»sitively   the  existence  of  such  a  substance  in  the  mucous  coat.     This 

*"*-! Instance,  propepsin,  shows  a  comparatively  strong  resistance  to  dilute 

fr-lltalies  (a  soda  solution  of  5  p.  in.),  which  easily  destroy  pepsin  iLa.noi.ky). 

E^esjjein,  on  the  other  hand,  withstands  letter  than  propepsin  the  actio- 

ca.il.Mjn  dioxide,  which  quickly  destroys  the  letter.    The  occurrence  of  e 

feimin  zymogen,  ami    possibly  also    a    steapsinogen,   in   the  mucous  coat 

kias  been  mentioned  above. 

According  to  Herzev  and  his  collaborators'  we  must  differentiate  between 
pepeiuogens  and  bodies  accelerating  the  flow  of  juice.  To  the  fint  belongs  inulin 
and  glycogen,  while  alcohol  belongs  to  the  latter  class  of  bodies.  Dextrin  not 
only  accelerates  the  flow  of  juice,  hut  also  aobj  aa  a  pepsinogen,  especially  | 
letter.  Meat  extract  which  has  both  actions  is  especially  a  Hon  accelerator. 
*be  pepsinogen  action  consists  in  converting  the  zymogen  into  pepsin  end  in 
****  way  ha  'he  quantity  of  pepsin;    the  flow-accelerating  substances  in- 

crea&e  the  quantity  of  secretion  of  juice. 

The  question  in  which  cells  the  two  zymogens,  especially  the  propepsin, 
ar*  prt  duced  has  been  extensively  discussed  for  several  years.     Formerly  it 
H**s  the  general  opinion  that  the  parietal  cells  were  pepsin  cells,  but 
,,lt"  investigations  of  Hkidk.nhai.n  and  his  pupils,  Langley  and  others,  the 
'■>rrnation  of  pepsin  has  been  shifted  to  the  chief  cells.4 


1  Zeitscbr.  f.  pbysioi.  Chem.,  10. 

Kulz,  Zeitachr.  f.  Biologic,  23;  Nencki  and  Schouuiow,  Arch,  des  sciences  biol. 
**  s  -jurg,  3. 

-chtfT.  'Lcvoiw  *ur  la  physiol.  de  la  digestion,"  IWJ7,  2;  Langley  and  Edkins, 
•eOnj,  0f  Physio)..  7 

1  Pflflffr'i  Arab  .  S4. 

1  See  foot-note  3.  page  306. 
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The  Pyloric  Secretion.    That  part  of  the  pyloric  end  of  the  dog's 
stomach  which  contains  no  fundus  glands  was  dissected  by  KxMO 

one  end  being  sewed  together  in  the  .^liupe  of  a  blind  sac  and  the 
other  sewed  into  the  stomach.  From  the  fistula  thus  created  he  was  able 
to  obtain  the  pyloric  secretion  of  a  living  ail  dka- 

lirie,  viscous,  jelly-like,  rich  in  mucin,  of  a  specific  gravity  of  1.009-1 
ami  containing  IB. 5-20.5  p.  m.  solids.     It  habitually  contains  pepsin,  v 
has  been  proven  by  Heidenhaix  by  observations  on  a  permanent  j> 
fistula,  and  the  amount  may  sometimes  be  considerable:    Coxtejeax  has 
investigate  (I  the  pyloric  secretion  in  other  ways,  and  finds  that  it  contains 
both  acid  and  pepsin.    The  alkaline   reaction  of  the  secretions   in\ 
gated  by  Heidexhain  ami  K  wice  ifl  due,  according  to  Conte 

jka.n,  to  an  abnormal  secretion  caused  by  the  opt  .-ration,  because  the  stom- 
ach readily  yields  an  alkaline  juice  instead  of  an  acid  one  un  >rmal 
conditions.  The  statements  of  1Ii.iuj.nh.vin"  and  Kli  .  icz  have 
been  substantiated  by  Akkrmann,  while  Kkkstf.ff.  who  operated  according 
to  another  method,  has  come  to  the  same  results.  Kkkstf.ff  l  found  in 
the  juice  (of  dogs)  pepsin,  but  no  chymosin.  Verhaegen  1  has  observed  in 
human  beings  towards  the  end  of  the  ventricle  digestion  a  fluid  not  acid, 
which,  according  to  him,  uncinates  in  the  pyloric  region. 

The  secretion  of  gastric  juice  under  different  conditions  may  van-  i 
I  Iv.     Up     tatements  of  the  quantity  of  gastric  juice  secreted  in  a 
Certain  time  are  therefore  so  unreliable  that  they  need  not  be  taken 
account 

The  Chyme  and  the  Digestion  in  the  Stomach.    By  means  of  the  rht 
:  Jrinihit  inn  caused  by  the  food,  a  copious  secretion  of  gastric  juice ocei 
The  food  IS  thereby  freely  mixed  with  liquid  and  is  gradually   . 
into  a  pulpy   mass  called  chyme.      This  mass  Is  arid  in  reaction, 
with  the  ion  of  the  interior  of  large  eat  or  of  other  sol 

i        livme  gradually   becomes   acid   throughout.     The   transfoi 
tion  products  of  the  digestion  of  proteide  and  carl  ..-hydrates  can  : 
tected  in  the  chyme;  likewise  more  or  less  changed  undigested  residues 

ilowed  food  appear,  which  indeed  U  an  the  chief  mass  of  the  chyme. 

Since  the  hydrochloric  acid  of  the  gastric  juice  prevents  the  conten- 
sen  from  fermenting  with  the  generation  of  gas,  those  gases  v 
tomach  probably  depend   al  least  in  great  measure, 
rwallowed  air  and  saliva,  and  upon  those  gases  genera  ted  in  the 
and  ;  .ugh  the  pyloric  valve.     Planes  found  in  the  stomach- 

gases  of  a  dog  66-68  per  cent  X,  25-33  per  cent  CO,,  end  only  a  small 
0.8-6.1  per  cent   of  oxygen.    Schisrbecx'  has  phown   that  a 

1  II.  i.lriihain  and  KJenicneiewicz,  1.  c. ;    Contejran,  1.  c,  Chapter  11,  and  Ski 
Arch   f.  1  -     Krtrteff,  Maly'a  Jahrcaber.,  30. 

Mgen,  La  Cellule,  L» 
1  Planer,  Wieo.  Sitzunpl.er  ,  42.  Schierbeck,  Skand.  Arch.  f.  Physiol.,  3 
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j'arl  of  th-'  carbon  dioxide  is  formed  by  the  mucous  membrane  of  the 

stomach.     The  tension  of  the  carbon  dioxide  in  the  stomach  corresponds, 

according  to  him,  to  30-40  mm.  Hg  in  the  fasting  condition.     It  increases 

aft^r  partaking  food,  independently  of  the  kind  of  food,  and  may  ri.«t    | ■.-, 

13O-140  mm.    Hg   during   digo  tion.     The   curve   of   the  carlmn-diuxide 

tcx^sion  in  the  stomach  is  the  same  as  the  curve  of  aci-lii  v  in  the  different 

pl^.nscs  of  digestion,  and  BOOK  has  also  found  that  the  carbon-dim  ide 

Uamamoa  a  considerably   faaqrotcod  by  pilocarpine,  }>iit  diminished   by   ■ 

ti*~»*.    According  to  him,  th b  carbon  dioxide  of  the  stomach  is  a  product 

oC    -the  activity  of  the  secretor>'  cells. 

According  as  the  food  Is  finely  or  coarsely  divided  it  passes  sooner  Of 
U*."fc«!r  through  the  pylorus  into  the  intestine.     Kr  us  observation! 

on    a  human   intestinal  fistula,  it  required  generally    15-.J0  minutes  after 
elating  for  undigested  (bod  to  pass  into  the  upper  part  of  the  small  intes- 
tine.   In  a  case  of  duodenal  fistula  in  a  human  being  observed  by  Km 
V»e  saw,  ten  minutes  after  eating,  uncurdled  but  still  coayulable  milk  nod 
BWlall  pieces  of  meat  pass  out  .  I  the  h-tula.     The  time  in  which  The  stomach 
QQbudeOB  itself  of  its  contents  depends,  however,  upon  the  reflex  action 
from  the  stomach  or  intestine  op  •■mm  |g  o       «    >  |g  the  pylorus,  which  Action 
dependent  Upon  the  quantity  and  character  of  the  food,  the  amount  of 
fat,  and  the  degree  of  acidity  contained    in   the  contents  of   the  stomach 
a»d  intestine.     The  emptying  "f  ,1""  food  Into  the  small  intestine  causes, 
*s  shown  by  PaWLOW,  a  (dosing  of  the  pylorus  by  chemnretlex  in  which  the 
hydrochloric  acid  and  the  fat  take  part,  and  we  then  tinrl  in  this  re 
an  alternate  action  between  the  stonuiiii  ;md  iliKiil.-i.uiii.1      The  tim 
^ry  for  the  stomach  to  empty  itself  must   differ  considerably   under  vari- 
es conditions.     Bk.mimo.nt2  found   in  his  extensive  observation-   on   the 
Canadian  hunter    Sr    Martin*,  that  the  stomach,  as  a  rule,  is  emptied 
H-5i  hours  after  a  meal,  depending  npon  the  character  of  the  food. 

The  time  in  which  different  foods  leave  lli«-  Mi-in.H  li  depends  also  upon 

tn<-ir  digestibility.     In  regard  to  the  unequal  digestibility  in  the  stomach 

°*  I  h  in  proteids.  which  really  form  the  object  "f  the  action  of  the 

^*stric  juice,  a  distinction  must  lie  m  bweSD  the  rapidity  with  which 

•Be   proteids  are  converted  into  proteoses  and  peptones  and  the  rapidity 

*"Ub.  which  I  is  converted  into  chyme,  or  at  least  so  prepared 

'*■    niay  easily  pass  into   the  intestine.     This  distinction    is   especially   iui- 

'tant  from  a  practical  standpoint.     When  a  proper  food  is  to  be  decided 

ur>on  in  cases  of  dimini  bed  gastric  digestion,  it  is   important  to  select 

foods  as,  independent  of  the  difficulty  or  case  with  which  their  pro- 

l  BoMh,  Virchow 'a  Arch.,  14;   Kuhne,  I.chrb.  d.  phyaiol.  Chem.,  fi3;   (Pawlow  and) 
''r«]j'ikow,  Maly'a  Jahrcsber.,  29;   Lintwarew,  Biocbem.  Centralbl,  1,  90.     See  also 
Ri^hlet,  1.  c. 

•  Beaumont,  "  The  physiology  of  digestion,"  1833. 
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teid  is  peptonized,  leave  the  stomach  easily  and  quickly,  and  which  requii 
as  little  action  as  possible  on  the  part  of  this  organ.     From  this  point 
view  those  foods,  as  a  rule,  are  most  digestible  .vhich  are  fluid  from  th«: 
start  or  may  be  easily  liquefied  in  the  stomach;    but  these  foods  an-  not 
always  the  DCttBl   digestible  in  tin-  B8QB3  that   their  pro  teid  is  most  easil 
peptonixed.     As  an  example,  hard-boiled  white  of  egg  is  more  easily  pep- 
tonized than  rlui'l  -a  Inn-  of  egg  at  a  degree  of  acidity  of  1-2  p.  m.  lit  I 
nevertheless  we  consider,  and  ju<tly.  that  an  unboiled  or  soft-boiled  egg 
Ls  easier  to  digest  than  a  hard-boiled  one.     Likewise  uncooked  meat, 

when  it  is  not  chopped  very  fine,  is  not  more  quickly  but  mote  slowly 
peptonized  by  the  gastric  juice  than  the  cooked,  but  if  it  is  divided  suffi- 
ciently lint'  it   b  often  more  quickly  peptonized  than  th     cooked. 

The  greater  or  less  facility  with  which  the  different  proteid  foods 
are  digested  in  the  stomach  has  been  comparatively  little  studied.  The 
most  complete  investigations  on  this  subject  are  those  of  Fkrmi.3  but  as 
they  do  not  allow  of  a  short  discussion  we  must  refer  to  the  original  publi- 
cation. 

As  our  knowledge  of  the  digestibility  of  the  different  foods  in  the 
stomach  is  slight  and  dubious,  so  also  our  knowledge  of  the  action  of  other 
bodies,  such  as  alcoholic  drinks,  bitter  principles,  spices,  etc.,  on  the  nat- 
ural digestion  is  VWy  uncertain  and  imperfect.  The  difficulties  whirh 
stand  in  the  way  of  this  kind  of  investigation  are  very  great,  and  therefore 
the  results  obtained  thus  far  are  often  ambiguous  or  conflict  with  each 
other.  For  example,  certain  investigators  have  observed  that  small  qua- 
tities  of  alcohol  or  alcoholic  drinks  do  not  prevent  but  rather  facilitate 
digestion;  others  observe  only  a  disturbing  action  while  other  invet- 
gmtors  I  0  have  found  that  the  alcohol  first  acts  somewli   tin  a 

disturbing  agent,  but  afterwards,  when  it  is  absorbed,  it  pxoduoei  an 
abundant  Mention  of  gastric  juice,  ami  thereby  facilitates  digestion  (Gi.u- 
zinski.  QuiTWUM  ').  The  accelerating  action  of  alcohol  upon  the  floer 
of  gastric  juice  has  already  been  mentioned  on  page  303 

The  djgi  sundry  foods  is  not  dependent  on  one  organ  alone,  but 

divided  among  several.  For  this  reason  it  is  to  be  expected  that  the  various 
digestive  organs  can  act  for  one  another  to  a  certain  point,  and  that  there- 
fore the  vrork  of  the  stomach  could  be  taken  up  more  or  less  by  the  intes- 
tine. This  in  fact  is  the  case.  Tht  t  dogs  and  cats  have 
been  completely  extirpated  or  nearly  so  (Czerny.  Carvallg  and  Pan  i 
and  also  that  fiart  necessary  in  the  digestive  process  has  been  eliminated 
■lugging  the  pyloric  opening  (Lidwig  and  Ogata),  and  in  both  esses  it  * 

»  Wswriaaky,  MaJy*  Jahraber..  1 
1  Arch.  L  i  Ada:  u.)  FtrraoL,  1001,  Suppld. 

■  QMiafci.  Dtutock  Arch  (.  klia.  M«d .  3»;  Cbittaxkn.  CntnlbL  L  d.  mcd.  Wfe. 
MBR&,  18S9;  and  OatfcnoVn  and  MokW,  aad  others.  Ant  ioutn.  of  Physiol,  L 
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possible  to  keep  the  animal  alive,  well  fed,  and  strong  for  a  short 
longer  time.     This  is  also  true  for  human  befogs.1     In  these  cases  it  is 
ident  that  the  digestive  work  of  the  -toinacli  was  taken  up  by  tin-  intes- 
tine-   but  all  food  cannot   be  digested  in  these  cases  to  the  same  extent, 
ar*cl  the  connective  tissue  of  meat  especially  is  I  Bfl  found  to  a  I 

fcggabla  ;  in  the  ate, 

In  order  to  judge  of  the  rifle  ol  the  rtomacli  in  digestion  the  amount  of 
tr»c»  digestion  products  in  the  itomach  has  been  determined  These  deter- 
minations, partly  on  man  and  partly  on  animals,  have  led,  as  is  to  be  expected, 
te>  varying  results  (('mix,  ELLBKBBBQEB  and  Hok.vkistkic.  CinrrKNUKN 
arid  Amhrmam.  The  reoe&t  investigations  of  E.  Zunz  a  show  that  boiled 
n^^at  in  the  stomach  of  a  dog  yields  chiefly  proteose  nail  amounts 

;Ut  cleavage  products,  and  only  very  little  acid  albumin  Ls  formed. 
Tlic  extent  of  digestion  in  the  stomach  depends  essentially  upon  the  time 
which  the  food  remains  in  the  organ. 
It  is.  however,  quite  generally  assumed  that  no  peptonization  of  the 
!'*"«  »i<.  • ':-   worth   mentioning   occurs   in  the  stomach,  and   that    the  protein 
''  "~»6a  are  only  prepared  in  oaeh  for  the  real  digestive  processes  in 

***ej  irt -r  Tliit  the  stomach  serves  in  the  first  place  as  a  storeroom 

*  'Hows  from  its  shape,  and  this  function  is  of  special  value  in  certain  new- 
•x^rn  animals,  for  instance  in  dogs  and  cats.  In  these  animals  the 
"f  the  stomach  contains  only  hydrochloric  acid  but  no  pepsin,  and  the 
mawin  of  the  milk  is  converted  by  the  acid  alone  into  solid  lumps  or  a  solid 
coaguJura  which  tills  the  stomach.  Small  portions  of  this  coagulura  pass 
'**to  the  intestine  only  little  by  little,  and  an  overburdening  of  the  intestine 
IS  thus  prevented.  In  other  animals,  such  as  the  snake  and  certain  fishes 
^"Hich  swallow  their  food  entire,  it  is  certain  that  the  major  part  of  the 
process  of  digestion  takes  place  in  the  stomach.  The  importance  of  the 
stomach  in  digestion  cannot  at  once  be  decided.  It  varies  for  different 
and  it  may  vary  in  the  same  animal,  depending  upon  the  division 
of  (be  food,  the  rapidity  with  which  the  peptonization  takes  place,  the  more 
W  less  rapid  increase  in  the  amount  of  hydrochloric  acid,  and  so  on. 

b  a  well-known  fact  that  the  contents  of  the  stomach  may  be  kept 

decomposing  for  some  time  by  means  of  hydrochloric  acid,  while, 

on  the  contrary,  when  the  acid  is  neutralized  a  fermentation  commences  by 

Which  lactic  acid  and  other  organic  acids  are  formed.     According  to  ( 

an  amount  of  hydrochloric  acid  more  than  0.7  p.  m.  completely  arresta 

v.  cit*d  from  Bungo,  I.chrbtich  d.  physiol.  u.  Path.  Chrm  ,  4.  Autl  Tliril  2, 
;    Carvallo  and  Panchon,  Arch    d.  I'hysiul.   (a).  7;     Ogata,  Du  Bots-Raymood'l 
•^ch  .  L88S;  QrohS,  Arch.  f.  cxp.  Path.  u.  Phann.,  49      In  regard  to  a  human  OH 
Sutler  see  Wriblewiski.  OentnuW  .  11,  605. 

1  t'ahn,  Zcitschr.  f.  kli"..  Med.,  12;  EUmbafgV  and  HoCmeatar,  Du  14oi»-Rcyinond 'a 

Dj  Chittenden  and  Amerman,  Jotim.  of  Phyaiul.,  14;  E.  Zunz,  Hofiuoistcr'g 

^truge,  3.     See  abo  Reach.  Aid..  I 


Jar  tic-acid  fermentation,  even  under  otherwise  favorable  circumstances ,  and 
iccording  to  Strauss  and  Bialocour  the  limit  of  lactic-acid  fermentation 
flies  at  1.2  p.  m.  hydrochloric  acid  united  to  organic  bodies.  The  hydn>- 
chloric  acid  of  the  gastric  juice  has  unquestionably  an  antifcrmentntive 
action,  and  also,  like  dilute  mineral  acids,  an  antiseptic  action.  This  action 
is  of  importance,  as  many  pathogenic  rnicro-o  ganisms  may  be  destroyed 
by  the  gastric  juice.  The  common  bacillus  of  cholera,  certain  str> 
etc.,  are  killed  by  the  gastric  juice,  while  others,  especially  as  spores,  are 
unacted  upon.  The  fact  that  gastric  juice  can  diminish  or  retard  the 
action  of  certain  toxalbumin.s,  .such  M  tetanotoxin  and  diphtheria  toxin,  is 
also  of  great  interest  (.\kn<  ki.  Sikhkr,  and  Schoumow  ')• 

Because  of  this  antifcrmentative  and  antitoxic  action  of  gastric  juice  it 
is  considered  that  the  chief  im{>ortance  of  the  gastric  juice  lies  in  it.s  anti- 
septic action.  The  fact  that  intestinal  putrefaction  is  not  increased  on  the 
extirpation  of  the  stomach,  as  derived  from  experiments  made  on  mart 
and  animals,1  does  not  uphold  this  view. 

In  close  connection  with  the  acid  reaction  of  the  contents  of  the  stomach 
stands  the  question  as  to  the  extent  <<f   carbohydrate  digestion  in  this 
organ.      The  salivary  diastase  is  destroyed  by  very-  small  quantiti. 
acid,  but  before  a  sufficient  amount  of  hydrochloric  acid  has  collect' 
destroy  the  action  a  powerful  action  of  saliva  may  go  on  in  the  human 
stomach  and  therefore  sugar  and  dextrin  can  be  readily  detected  ;n  the 
ate  of  this  organ.      In  carnivore  whose  saliva  has  very  little  dias- 
tatic  action  we  can  ignore  a  -priori  any  digestion  of  starch  in  the 
with    the   exception  of   some    action  of    (he    micnwoiguriLsms    occurring 
therein.     Fhikuknthal  s  claims  that  dogs  can  readily  digest  starch 
according  to  him,  the  gastric  juice  of  the  dog  contains  a  diastatic  enzyme 
which  Is  even  active  in  a  strong  acid  reaction. 

After  death,  if  the  stomach  still  contains  food,  auto-digestion  goc- 
not  only  in  the  stomach,  but  also  id  the  neighboring  organs,  during 
slow  cooling  of  the  body.    Thus  leads  to  the  question,  Why  doe- 
not  digest  itself  during  life?     Ever  since  Paw  has  shown  that  ai 

nailer  blood-vessels  of  the  stomach  of  dogs  the  corresponding  pai 
the  mucous  membrane  was  digested,  efforts  have  been  made  to  find  the 
cause  in  the  neutralization  of  the  add  of  the  gastric  juice  by  the  alk 
the  blood.     That  the  reason  for  the  non-digestion  during  life  is  to  be  s< 
for  in  the  norma]  circulation  of  the  blood  cannot  be  contradicted;    but  the 

1  Cohn,  Zeitschr.  f.  physiol.  Chetn.,  14;  .Strauss  and  Bialocour,  Ztbat&a,  i.  kJin. 
Med.,  2$.    Sec  also  Kuhuc,  Lchrb.,  67;  Bunge.  Lchrb.  d.  Physiol     I  %  and 

Hirschfcld,  Pfluger's  Arch.,  47;    Ncncki.  Sicber,  and  Schoumow.  Central 

"23.     In  regard  to  the  action  of  gastric  juice  upon  pathogenic  microbe*; 
tre  in  ho  render  to  the  handbook*  of  bacteriology. 

'8m  <  I  •  and  Panchon,  1.  C,  Bad  Schlatter  in  Wrublcwski,  1.  c. 

•  Arch.  f.  (Anut.  u.)  Physiol.,  1899,  Sunpl. 
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reason  is  not  to  be  found  in  the  neutralization  of  the  arid.     The  investi- 
gations of  Fermi,  Mathes,  and  Ottr  "  show  that  the  blood  circulation  acts 
in  an  indirect  manner  by  the  normal  nourishment  of  the  cell  protoplasm, 
and  this  is  the  reason  why  the  digestive  fluids,  the  gastric  juice  as  well  as 
the    pancreatic  juice,  aot  differently  upon  the  living  protoplasm  as  coin- 
pared  to  the  dead.     We  know  nothing  about  this  resistance  of  the  living 
protoplasm,  but  perhaps  it  stands  in  close  connection  with  the  accretion 
of  antip  g  page  299)  discovered  by  Damlkwsk^  and  Wkinland. 

"Under  pathological  conditions  irregularities  in  the  secretion  as  well  as  in 
the  absorption  and  in  the  mechanii  <\  ITOfffc  of  the  stomach  may  occur.  Pepsin 
is  almost  always  present,  although  t  In-  amounl  may  v;"  •  but  the 

absence  of  the  rennin,  as  above  stated,  may  occur  in  many  cases.     In  regard 
to   the  acid  wc  must  remark  that  the  secretion  is  sometimes  increased  so  tliat 
*o  abnormally  acid  gastric  juice  is  minted  and  tA  Other  times  it  may  be  dimin- 
ished so  that   little  if  any  hydrochloric   acid  is  formed.      A  hjrp  a  of 
•I  gastric  juice  sometimes  occurs.     In  the  secretion  of  too  little  hydrochloric 
*cid  the  same  conditions  appear  as  after  the  neutralization  of  the  acid  contents 
°>  the  stomach  outside  of  the  organism.     Fermentation  processes  now  appear  in 
which,  besides  lactic  acid,  there  appear  also  volatile  fatty  acids,  such  as  butyric  and 
^etic acids,  ete.,  and  gases  like  hydrogen.     These  fermentation  products  are  therc- 
i  found  in  the  stomach  in  cases  of  chronic  catarrh  of  the  stomach,  which 
Ulay  give  rise  to  belching,  pyrosis,  and  other  symptoms. 

Among  the  foreign  BUDBtancea  found  in  the  contents  of  the  stomach  we  have 

^SEa,  or   ammonium    carbonate   derived    therefrom    in    anemia;     blood,    which 
S^nerally  fonns  a  dark -brown  mass  through  the   pnrnmnn  of  lucmatin,  due  to 
the  action  of  the  gastric  juice;    bilk,  which,  especially  during  vomit 
finds  its  way  through  the  pylorus  into  the  stomach,  but  whose  presence  seems 
*°  be  without  importance. 

If  it  is  desired  to  test  the  gastric  juice  or  the  contents  of  the  stomach 
peprin,  fibrin  may  be  employed.  If  this  is  thoroughly  trashed  immedi- 
ately after  be  blood,  well  pressed,  and  placed  in  glycerine,  it  may  be 
kept  in  serviceable  condition  for  an  indefinitely  long  time.  The  ga 
°f  the  contents  of  the  stomach — the  latter,  if  neoe  >  ha  tag  been  pre- 
viously diluted  with  1  p.  m.  hydrocholoiio  acid — is  filtered  and  tested  with 
"brin  at  ordinary  ten'  (It  must  not  be  forgotten  that  a  control 
*°st  must  be  made  witfl  ai  id  alone  and  another  portion  of  the  same  fibrin.) 
*  the  fibrin  is  not  noticeably  digested  within  one  or  two  hours,  no  pepsin  is 
Present,  or  at  most  there  are  only  slight  tn 

In  testing  for  rennin  the  liquid  must  be  first  carefully  neutralized.  To 
*"  B.C.  of  unboiled,  amphoteric  (not  acid)  cow's  milk  add  1-2  e.  e.  of  the 
^'t^red  neutralized  liquid.  In  the  presence  of  rennin  the  milk  should 
coagulate  to  a  Bolid  mass  at  the  temperature  of  the  body  in  the  course  of 
-12  minutes  nithoul  changing  its  reaction.  If  the  milk  is  diluted  too 
°?Uch  by  the  addition  of  the  liquid  of  the  stomach,  only  coarse  flakes  are 
Stained  and  no  solid  coagulum.  Addition  of  lime-salts  is  to  be  avoided, 
*f  in  great  excess  they  may  produce  a  partial  coagulation  even  in  the 
_^«ence  of  typical  rennin. 

^^  '  Pavy.  Phfl.  Transactions,  15,1.  Part  I.  and    Guy's  Hospital  Reports,  13;    Otte 
/^■"Vanx  dti  laboratoire  de  l'lnstitut  do  Physiol,  de  I.iege,  ."i,  IX'.Mi  q  contains 

^^  literature. 
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In  many  caws  it  is  especially  Important  to  determine  the  degree  of 
ocidi  y  of  the  gaatric  juice.  This  may  In-  done  by  the  ordinary  titration 
methods.  Phenolphthalein  must  not  t>c  used  as  an  indicator,  as  too  high 
results  are  produced  in  the  presence  of  large  quantities  of  proteids.  Good 
results  may  be  obtained,  on  the  contrary,  by  using  very  delicate  litmus 
paper.     Afl  the  acid  reaction  of  the  foments  of  the  stomach  may  he  c. 

iy  by  several  acids.  still  the  degree  of  aci>  as 

oilier  cases,  expressed  in  only  one  acid,  e.g.,  HC1.     General]  idity 

Is  designated  by  the  number  of  0.  C.  of  N,  10  caustic  Bode  which  is  required 
utralize  the  several  acids  in  100  c.  e.  of  the  liquid  of  th«   Btotnach 
An   acidity  of   18   MX  cent  means   that   100  c.  c.  of   the   liquid    of   the 
:  required  43  c.  c.  of  N/10  caustic  s  dfl  t'«  m  utralize  it. 
The  neid  reaction  may  be  partly  due  to  free  neiil.  partly  to  acid  salts 
(monophosphates),  and  partly  to  both.     According  to  Lko  !  one  can  test 
for  acid  phosphates  h\  calcium  carbonate,  which  is  not,  neutral  re- 

with,  while  the  free  arils  arc     If  the  gastric  content  has  a  neutral  reaction 
after  shaking  with  calcium  carbonate  and  the  carbon  dioxide  ■  driven  out 
by  a  current  «»f  air.  then  it  contains  only  free  acid;  if  it  has  an  acid  res 
then  acid  phosphates  are  present,  and  if  it  is  less  arid  than  before,  it 

both  free  acid  and  acid  phosphate,    Th  i  « an  also  be  applied 

in  the  estimation  of  free  acid. 

It  is  also  important  to  DS  able  to  ascertain  the  nature  of  the  acid  or 
acids  oocurrina  in  the  contents  of  the  stomach.    Fof  this  purpose)  and 
ally  for  the  detection  of  free  hydroc/tit  ■■!,  a  great  number 

ons  have  been  proposed    which  are  all  based  upon  the   fact  that  the 

coloring  substance  fives  a  characteristic  color  with  very  small  quantities 
of  hydrochloric  a< ;  lactic  acid  and  the  other  organic 

give  these  colorations,  or  only  in  a  <  (ration,  which  can  hardly 

exist  in  the  contents  of  the  stomach.    These  reagents  arc  a  mixturi 

tnd  potassium  sulphocyanide  solution  (Moim's  reagent 

hSS   been    modified    by    Several  I,  METHYLANILIN'-VIOLET,  TRO 

vjequs  00,  Congo  bb>,  KALACHrrs-GBSENj  PBXonoomcm-TANiLLrw,  di- 

IYLAM1NOAZOBENZENB,  and  others.     As   reagents   for  free   lartic   arid 

Ul  rests  a  sr  diluted,  amethyst-blue  solution  of  fkrhic 

IBBOUC  ]\-  diluted,  nearly  colorless  aolu- 

LORIDE.    These  give  a  yellow  color  with  lactic  acid,  but 

I  or  with  volatile  fatty  acids. 

agents  in  testing  for  free  hydrochloric  ncid  or  lactic 

red.     Among  the   reagents  for  free   hydrochloric  add 

est  with  phlorogludn-vanilun,  and  the  test  with  tropjeolin  00, 

ierate  heat  as  suggested   by    BOAS,   and    the    test  with 

,  larninoazobenzene,  which  is  the  most  delicate,  seem  to  be  the  most 

If  these  tests  give  positive  results,  then  the  presence  of  hvdro- 

as  proved.     A  negative  result  does  not 

nee  of  hydrochloric  acid,  as  the  delica  ass  reac- 

i  a  limit,  and  also  the  simultaneous  presence  of  proteid,  peptones, 

es  influences  the  re  more  or  less.    1"  Est 

r  negative  results  in  the  presence  of  c 

loric  acid  in  the  liquid  to  be  te&tea.    Sugar* 


ralbL  f.  d  raed.  Wiwcnach.,  1SS9.  481,  and  Pfluger'a  Arch..  «,  614. 
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sulphocyanidcs,  and  other  bodies  may  act  with  these  reagents  similarly  to 
lactic  acid. 

In  testing  for  lactic  acid  it  is  safest  to  shake  the  material  with  ether  and 
test  t  te  after  the  evi  m  of  the  solvent     Onthi 

the  residue  naaj   be  bested  in  -  the 

possessed   b)  acid   of  idized  into  aldi 

formic  add  oo  careful  h  sulphuric  add  and  manganese  dioxide, 

its  forming  iodoform  with  U  alkaline  iodine  Bolu- 

or  by  its  fonning  aldehj  igent.    Tliequan- 

titati  -  in  the  formation  of  iodoform  with  N/10  iodine 

*olut  austic  potash,  adding  an  excess  of  hydrochloric  add  ami  tiirat- 

ith  a  N .  10  sodium  I  ion,  and  ret  uniting  with  iodine 

the  addition  of  starch-paste,  until  a  blue  coloration  is  obtained.    This 

rcsupposcs  the  use  of  ether  entirely  free  from  alcohol.    (See  the 

original.) 

In  order  to  be  able  to  correctly  judge  of  the  value  of  the  different 
reagent*  for  free  hydrochloric  acid,  it  is  naturally  of 

bat  we  mean  by  free  hydrochloric  acid.    It  is  a  well- 
known  fact  that  hydrochloric  acid 

!>art  of  the  !  icid  ma]  re  exial  in  tin-  conten 

after  a  i  in  proteids,  in  combination  with 

rochloric  acid  combined  with  proteids  cannot  be 
vason  that  certain  in\ 

which  will  be  described  below,  as  nf  tittle  Bow- 

be  remarked  that,  according  to  th 
many  aturs.  the  hydrochloric  acid  combin  i  proteide  isphyaio- 

e.     Those  reactions  (color  reactions)  which  only  respond  to 
hloric   acid  do   not  show    the   physiologically   active 
acid.     The   suggestion   of   determining    the   "physiologically 
d  of  the  '  'free ' '  seems  to  be  correct  in  prin- 
eptions  of  free  and  of  physiologically  active  bydro- 
chloric  acid  are  not  the  same  it  must  always  be  well  defined  whether  one 
wishes  to  determine  the  actually  free  or  the  phvsicJogioall} 

d  before  it  is  possible  of  the  value  of  a  reaction. 

riotu  titration  methods  have  been   suggested  for  the  estimation  of 
the  free  hydrochloric  acid,  but   these    cannot  yield  conclusive  results   for 
the  reasons  given  in  a  previous  chapter  (see  estimation  of  the  alkalinity 
of  the  blood-serum,  page  160).      For  this  determination  phyffloo-cherj 
methods  are  necessary,  but  they  have  not  been  used  to  am  .tout 

for  clinical  purposes  on  account  of  the  difficulty  in  their  manijmhi 

within  the  scope  of  this  book  to  give  the  various  -  for 

estimation  of  hydrochloric  add  for  clinical  purpose*  we 

to  the  various  handbooks  for  clinical  mi 

of  v.  J.\i.  i  knberg.  Kolle  and  Wf.inth.m  d,  and    the  work  .if  ( >. 

it  details  as  to   the  qualitative  and  quantitative   testa   for 

acid  and  lactic  acid. 


'  Deutaeh.  nwd.  Wochenachr.,  1893,  and  Mttnchener  med.  Wochenschr  . 
itsebr  f.  klin.  Med.,  48. 
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The  methods  suggested  by  Leo,  Hayem  and  Winther,  Martins  and 
Li'TTKE,  and  by  Reissner,  as  well  as  the  following  method  of  Morner 
.•iikI  Bj5qi 'ist,1  are  used  for  the  quantitative  estimation  of  the  total  hydro- 
chloric acid. 

The  method  of  K.  Morner  and  Sjoqvi.it  dej>enda  on  the  following  principle: 
Win  ri  the  gastric  juice  is  evaporated  to  dryness  with  barium  carbonate  and  then 
calcined  the  organic  acids  burn  up  and  give  insoluble  barium  carbonate,  while 
the  hydrochloric  acid  forms  soluble  barium  chloride.  From  the  quantity  of 
tin-  i he  original  amount  of  hydrochloric  acid  can  be  calculated.      I  •:'  the 

I  i  .intents  of  the  stomach  is  mixed  in  a  small  platinum  or  silver  dish  with  a 
Knife-point  of  barium  carbonate  free  from  chlorides  and  evaporated  to  dryness. 
The  residue  is  burnt  and  allmvi-d  to  glow  for  a  few  minutes.  The  cooled  carbon 
is  gently  rubbed  with  water  and  completely  extracted  with    boiling  water  and 

Urate  (about  .SO  8,0.)  precipitated  by  ammonium  chromate  after  the 
lion  of  ammonium  acetate  and  acetic  arid  and  boiling.     The  carefully  collected 
precipitate  is  washed  ami  I  in  water  by  the  aid  of  a  little  HC1,  ttl,  and  hy- 

drochloric acid  added  and  titrated  with  hyposulphite  solution.  The  reactions  take 
place  as  follows:  4Ha+2BaOO,-2BaCC+2HX)-r-200,:  2BaCL+  2(NHJ/MX  - 
,  \  ;  4NELC1;  2BftCrO+  if.Iin  f  OKI  -2]iaCl3+tTaCl«+8!I/)+6KCl+3L; 
and  3I2  +  <>XarSlO,-6NaI+3Xa»S404.  Each  cubic  centimeter  ot  the  hyposul- 
phite corresponds  to  3  mgm.  HCI.  Complete  directions  for  the  necessary  solu- 
tions and  for  the  performance  of  the  method  may  be  found  in  Sjoqvibt, 
Zeitschr.  f.  klin.  Med.,  .12. 

In  testing  for  volatile  Jatty  acids  the  contents  of  the  stomach  should  not 
be  directly  distilled,  as  volatile  fatty  acids  may  be  formed  by  tb 
position  of  other  bodies,  such  as  proteid  and  haemoglobin.    The  ruutral- 
contents  of  the  stomach  are  therefore  precipitated  with  alcohol  at 
ary  temperature,  filtered  quickly,  pressed,  and  repeatedly  extracted 
with  The  alcoholic  extracts  are   made  faintly  alkaline  by  soda 

and  the  alcohol  distilled.  The  residue  is  now  acidified  by  sulphuric  or 
phosphoric  acid  and  distilled.  The  distillate  is  neutralized  by  soda  and 
evaporated  to  dryness  on  the  water-bath.  The  residue  is  extracted  with 
absolute  alcohol,  filtered,  the  alcohol  distilled  off,  and  this  residue  dissolved 
in  a  little  water.  This  solution  may  be  directly  tested  for  acetic  acid  with 
sulphuric  acid  and  alcohol  or  with  ferric  chloride.  Formic  acid  may  be 
tested  for  by  silver  nitrate,  which  quickly  gives  a  black  precipitate;  and 
butyric  acid   i  <1  by  the  odor    after  the  addition  of  an  acid.     In 

regard  to  the  methods  for  more  fully  investigating  the  different  volatile 
fatty  acids,  the  reader  is  referred  to  other  text-books. 


III.  The  Glands  of  the 


Mucous  Membrane  of  the 
their  Secretions. 


Intestine  and 


The  Secretion  of  Brunner's  Glands.  These  glands  are  partly  considered 
as  small  pancreatic  glands  and  partly  as  mucous  or  salivary  glands.  Their 
importance  in  various  animals  is  different.  According  to  GrOtzner  they 
are  closely  related  in  dogs  to  the  pyloric  glands  and  contain  pepsin.  This 
also  coincides  with  the  observations  of  Gi.aessnkh  and  of  Ponomarew," 

1  In  regard  to  the  methods  here  mentioned  see  Reissner,  I.  c. 

'  Gnitzner,  Pfluger's  Arch.,  12;  Glacasner,  Hufmeister's  Bratago,  1;  Pooomarew, 
Biochera.  Ceotralbl..  1.  351. 
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which  differ  from  each  other  only  in  that  Poxomabew  finds  that  the  secre- 

18  inactive  in  alkaline  reaction  and  only  contains  pepsin,  while  Glaessner 

claims  it  is  active  in  both  acid  and  alkaline  reaction  and  that  it  contains 

propepsin.    The  statements  as  to  the  occurrence  of  a  diastatic  enzyme 

disputed. 

The  Secretion  of  Lieberkuhn's  Glands.  The  secretion  of  these  glands 
been  studied  by  the  aid  of  a  fistula  in  the  bulestiniG  according  to  the 
ithod  of  Thiry  and  Vella.  Very  little  if  any  secretion  takes  place  in 
fasting  animals  (dogs)  when  the  mucous  membrane  is  not  irritated.  In 
lambs  Pregl  found  the  secretion  continuous.  The  ingestion  of  food 
a  secretion,  and  in  lambs  increases  the  secretion  already  taking 
place.  Mechanical,  chemical,  and  electrical  stimulants  act  in  the  same 
manner  in  dogs  (Thiry).  The  secretion  is  also  markedly  increased  in 
man  by  the  local  irritation  of  the  mucous  membrane  (Hamburger  and 
Hkkma1).  In  the  cases  observed  by  these  experimenters  the  flow  of 
fluid  was  greatest  at  night  as  well  as  between  five  and  eight  o'clock  in 
the  afternoon,  and  was  lowest  between  two  and  five  o  'clock  in  the  after- 
noon. Pilocarpine  docs  not  increase  the  secretion  in  lambs,  and  in  dogs 
it  'lues  not  seem  to  be  always  active  (Gamgee  *).  The  quantity  of  this 
secretion  in  the  course  of  twenty-four  hours  has  not  been  exactly  deter- 
mined. 

In  the  upper  part  of  the  small  intestine  of  the  dog  this  secretion  is 
scanty,  slimy,  and  gelatinous;  in  the  lower  part  it  is  more  fluid,  with  gelat- 
inous lumps  or  flakes  (Rohmann).     Intestinal  juice  has  a  strong  alkaline 
reaction  towards  litmus,  generates  carbon  dioxide  on  the  addition  of  an 
acid,  and  contains  (in  dogs)   nearly  a  constant  quantity  of  NaCl  and 
NTa,COa,  4.8-5  and  4-5  p.  m.   respectively   (QuunjBWBD,  Rohmann  *). 
The  intestinal  juice  of  the  lamb  lorresponded  to  an  alkalinity  of  4.54  p.  m. 
-Va^CO,.     It  contains   proteid   (Thiry   found  8.01   p.   m.),   the  quantity 
decreasing  with  the  duration  of  the  elimination.    The  quantity  of  solids 
varies.     In  dogs    the  quantity  of  solids  is  12.2-24.1  p.  m.  and  in  lambs 
29.85  p.  m.     The  specific  gravity  of  the  intestinal  juice  of  the  dog,  accord- 
ing to  the  observations  of  Thiry,  is  1.010-1.0107,  and  in  lambs  1.01427 
{ Pregl).    The  intestinal  juice  from  lambs  contains  18.097  p.  m.  proteid, 
1.274  p.  m.  proteoses  and  mucin,  2.29  p.  m.  urea,  and  3.13  p.  m.  remain- 
ing organic  bodies. 

We  have  the  investigations  of  Demant,  Tubbt  and  Manning,  H.  Ham- 


1  Thiry,  Wien.  Sitsungaber. ,  50;  Vella,  Moleechott's  Untersuch.,  13;  Pregl,  Pfluger'a 
-Arch  ,  61;  Gamgee,  Physiol.  Chem.,  2,  410,  where  Vella  and  Masloff  are  quoted; 
3£ruger,  Zeitechr.  f .  Biologie,  27 ;  Hamburger  and  Hekma,  Joura.  de  Physiol.,  4, 

*  Gamgee,  1.  c. 

■  Gumilcwaki,  Pfluger'a  Arch.,  89;  Rohmann,  ibid.,  4L 
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burger  and  Hekma  and  Nagano  ■  on  the  human  intestinal  juice.  Human 
intestinal  juice  has  a  low  specific  gravity  Dearly  1.007.  about  10-14  p.  m. 
solid?,  and  i-  strongly  alkaline  towards  lin •  u-  The  content  of  alkali  calcu- 
lated as  sodium  carbonate  fa  22  p.  in.,  according  to  Nagano,  Hamburger 
ami  Hekma,  and  5.S-6.7  p.  m.  NaCl.  The  determination  of  the  freezinj 
point  resulted  -0.62°  (Hamtjurgkij  and  Hekma). 

In  regard  to  the  enzyme  oootenl  opinions  arc  unanimous  that  the  j 
animals  as  well  as  of  man  has  no  Gal  or  proteid  solvent  action,  while 

it  has  a  very  faint  amylolytic  action.  The  juice,  and  to  a  high  degree  also  the 
mucous  coat,  contain  invertase  and  maltasc,  which  fact  has  been  recently 
substantiated  by  the  observations  of  Pasohutix,  Brown  an<l  II 
Bastianki.u  and  Tkhh.*  A  lactose-inverting  enzyme,  a  lactase,  al 
occurs,  a-  shown  by  Rohaia.vn  and  I.aite.  Paitz  and  Vogel.  Weinlani 
and  Oriian,1  in  new-born    Entai  young  animals  and  also  in  grown 

mammals  who  were  fed   upon  a  milk   diet.      The  lactase  is  found 
greater  extent  in  the  mucosa  than  in  the  Jul 

The    intotinal    juice,  as  aba  >- on  tains  no  proteid-diges' 

,e  in  the  ordinary  sense,  at  least  in  any  appreciable  amounts.     On 
the  contrary  it  contains  another  enzyme  which  has  a  proteolytic   actiot 

Erepsin.    This    enzyme,  (fieoovered    by  O.  Cohnheim.  ha  irect 

aetioo  upon  native  praiaida  with  the  exception  of  casein,  but  has  il 

:  it  ting  proteoses  and  peptones.     In  this  change  mono  as  well  as  diamino 
Lueed,  but  this  action  differs  from  autolysis  by  only  yielding 
little  ammonia.    Ere;  sin.  which  must  not  beconfounded  with  trypsin  01 
entemkinase,  which  will  be  spoken  of  i.  irs  in  the  intestinal  juir 

of  man  (Hamburger  and  Hek.ua)  as  well  as  in  the  dog  (Sai  Th* 

quantity  of  erepsin  secreted  seems,  according  to  Salaskin',  Kutscher 
Seemann,*  to  be  only  very  small,  while  the  mucous  coat  itself 
(herein, and  t  me  probably  therefore  has  principally  an  intracellular 

action.     Erepsin  becomes  inactive  on  heating  to  59°  C. 

Besides  erepsin  and  the  other  enzymes  mi  "he  intestinal  mu< 

also  contains  antienzymes,  antipepnn  and  antitrypsin  (Dantleu 


•  Deinant.  Virchriw'a  Arch  ,  75;    Turby  and  Manning,  Cenlralbl.  f.  d.  med.  Wu 
een&ehft..  i  Hamburger  and  Hekma,  1.  c;   Nagano,  Mitt,  aus  d.  Gre&sgeb. 

I    !  ;-      B 

*  Paachutin.  'entralbl.  f.  d-  med.  Wiasenjsch.,  1870.  561;  Brown  and  Beron.  Anna! 
MB.  u.  Phann.,  204;    Bastianelli,  Moiescbott's    Unlersuch.  mr  Naturlrb 

This  contains  all  the  older  literature.     Bee  ft]  ,  Zeitechr.  f.  Diologie,  12. 

dkombc,  Joum.  of  Physiol.,  28;  Tebb.  ibid  ,  U 

1  Rohmann  and    tappe.  Per.  d    deutaeh.  ehem.  GeseUach.,  28;    Pauta  and  Vogel, 
Zeitechr  f  Bwlogte.  82;  Wcinland,  ibid..  a,  Maly's,  Jahresber  .  2U 

Zefaebr   f   physinl.  Cham  ,  S3.  So  36;  Salaokin.  \b%d„  13,   Kutechar 

1  Oeenuwn.  ibid. .  13 .  Hamburger  and  Hekma.  1.  c 
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WTeinland,1  also  enierokinase  or  a  mother-substance  of   the  same,  and 
finally  also  the  so-called  prosecretin.     These  two  last-mentioned  bodies, 
which  are  closely  connected  with  the  secretion  of  pancreatic  juice,  will 
be  discussed  in  connection  with  this  digestive  fluid. 

The  secretion  of  the  glands  in  the  large  intestine  seems  to  consist  chiefly 
of    mucus.     Fistulas  have  also  been  introduced  into  these  parts  of  the 
intestine,  which  are  chiefly  if  not  entirely  to  be  considered  as  absorption 
oigans.     The  investigations  on  the  action  of  this  secretion  on  nutritive  * 
bodies  have  not  as  yet  yielded  any  positive  results. 

IV.    The  Pancreas  and  Pancreatic  Juice. 

In  invertebrates,  which  have  no  pepsin  digestion  and  which  also  have 
Qo  formation  of  bile,  the  pancreas,  or  at  least  an  analogous  organ,  seems  to 
be  the  essential  digestive  gland.  On  the  contrary,  an  anatomically  charac- 
teristic pancreas  is  absent  in  certain  vertebrates  and  in  certain  fishes. 
Those  functions  which  should  be  regulated  by  this  organ  seem  to  be  per- 
formed in  these  animals  by  the  liver,  which  may  be  rightly  called  the  hepa- 
''opancbeas.  In  man  and  in  most  vertebrates  the  formation  of  bile  and  of 
certain  secretions  containing  enzymes  important  for  digestion  is  divided 
between  the  two  organs,  the  liver  and  the  pancreas. 

The  pancreatic  gland  is  similar  in  certain  respects  to  the  parotid  gland. 
The  secreting  elements  of  the  former  consist  of  nucleated  cells  whose  basis 
forms  a  mass  rich  in  proteids,  which  expands  in  water  and  in  which  two 
distinct  zones  exist.    The  outer  zone  is  more  homogeneous,  the  inner  cloudy, 
due  to  a  quantity  of  granules.     The  nucleus  lies  about  midway  between  the 
*^o  zones,  but  this  position  may  change  with  the  varying  relative  size  of 
***e   two  zones.     According  to  Heidenhain  3  the  inner  part  of  the  cells 
^EDonishes  in  size  during  the  first  stages  of  digestion,  in  which  the  secretion 
13  n>ctive,  while  at  the  same  time  the  outer  zone  enlarges  owing  to  the  ab- 
^rption  of  new  material.     In  the  later  stage,  when  the  secretion  has 
^eereased  and  the  absorption  of  the  nutritive  bodies  has  taken  place,  the 
^^er  zone  enlarges  at  the  expense  of  the  outer,  the  substance  of  the  latter 
^^•"ving  been  converted  into  that  of  the  former.     Under  physiological  con- 
ations the  glandular  cells  are  undergoing  a  constant  change,  at  one  time 
c°'isuming  from  the  inner  part  and  at  another  time  growing  from  the  outer 
**^*"t.    The  inner  granular  zone  is  converted  into  the  secretion,  and  the 
°**t^r,  more  homogeneous  zone,  which  contains  the  repairing  material,  is 
5**^ai  converted  into  the  granular  substance.    The  so-called  islands  of 
"^*^Ngehhans  are  related  to  the  internal  secretion  or  contain  a  substance 
*^Jcing  part  in  the  transformation  of  the  sugar  of  the  animal  body. 

1  See  foot-note  6,  page  299.  "  Pfluger's  Arch.,  10. 
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The  chief  portion  of  protein  substances  contained  in  the  gland  a 
it  seems,  of  nudeoproteids,  while  the  globulins  and  albumins  occur  only  to  a 
slight  extent  as  compared  to  the  nucleoproteids.  Among  the  compound 
proteids  is  the  substance  studied  and  isolated  by  Umber  but  previously  dis- 
covered by  Hammakstkn  ■  and  called  a-pmteid.  This  nueleoproteid  con- 
tains, as  an  average,  1.67  per  cent  P  1.29  per  cent  S,  17.12  per  cent  X, 
and  0.13  per  cent  Fc.  It  yields  on  boiling  ^-proteid,  so  called  by  Hammar- 
stkn,  and  which  is  much  rich D  in  phosphorus  than  the  nucleoprotcid. 
The  native  proteid  («)  is  the  mother-substance  of  guanylic  arid:  accord- 
in-:  to  Umber  it  dissoh< a  by  pepaD  digestion  with  ut  leaving  any  residue 
and  yields  on  trypsin  digestion  guanylic  acid  on  one  side  and  proteoses 
and  peptODM  On  thl  Other.  It  can  l>e  extracted  fnun  the  gland  by  :.  ' 
logical  salt  solution  and  is  precipitated  by  acetic  acid.  Besides  this  com- 
pound proteid  the  pancreas  must  contain  at  least  one  other,  which  is  the 
mother-substance  of  the  thymonucleir  acid  obtainable  from  the  panercae. 
-ides  these  protein  substances  the  gland  contains  also  several  enzymes, 
or  more  correctly  zymogens,  which  will  be  discussed  later.  Among 
extractive  bodies,  which  are  probably  in  part  formed  by  post-mortem 
changes  and  chemical  action,  we  must  mention  leucin  (butalanin),  lyrosit 
purin  bases  in  variable  quantities,'  inosile,  lactic  acid,  wlatilc  fatty  acids,  and 
fats.  The  mineral  bodies  vary  considerably  in  quantity  not  only  in  animals 
ami  man  but  also  in  men  ami  women  (Gossmann).  The  calcium  seems, 
according  to  Gossmann,  to  exist  in  much  greater  amount  than  the  mag- 
m\«ium.  According  to  the  investigations  of  Oidtmann  the  pancreas  of 
an  old  woman  contains  745.3  p.  m.  water,  245.7  p.  m.  organic,  and  9.5  p.  m. 
inorganic  substances.  Gossmann  *  found  in  a  man  17.92  p.  m.  ash  and 
13.05  p.  m.  in  a  woman. 

Besides  the  already-mentioned  (Chapter  VIII)  relationship  to  the  trans- 
formation of  sugar  in  the  animal  body,  the  pancreas  has  the  property  of 
secreting  a  juice  especially  important  in  digestion. 

Pancreatic  Juice.  This  secretion  may  be  obtained  by  adjusting  a  fistula 
in  the  excretory  duct,  according  to  the  methods  suggested  by  Bernard, 
Lubwtg,  and  Hf.idenhaiv.  and  perfected  by  Pawlow.*  If  the  operation 
is  performed  with  sufficient  rapidity  and  under  favorable  conditions  a 
powerfully  active  secretion  may  be  obtained  either  immediately  after  the 
operation  (temporary  fistula)  or  after  some  time  (permanent  fistula). 

1  Umber,  Zeitschr.  f.  klin.  Med.,  40  and  45;  Hammareten,  Zeiuchr.  (.  physioL 
Chem.,  19. 

'SeeKoasel,  ibid.,*. 

'Gossmann,  Maly'a  Jahrosbor.,  30;  Oidtmann,  cited  from  Gorup-Beaanea.  Lehr- 

buci.  raa. 

4  Bernard,  Lecona  de  Physiol.,  2, 190;  Ludwig,  see  Bernstein,  Arbeiten  a  d.  phywoL 
Anatalt  xu  Leipiig,  1869;  Heidenhain.  Pfluger's  Arch.,  10,  604;  I'awlow,  Die  Arbeil 
1er  Vudauungsdrusen,  Wiesbaden,  1898,  and  Ergebniase  der  Physiolofie,  1,  Abt   I. 
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In  herbivora,  such  as  rabbits,  whose  digestion  is  uninterrupted,  the 
secretion  of  the  pancreatic  juice  is  continuous.  In  camivora  it  seems,  on 
the  contrary,  to  be  intermittent  and  dependent  on  the  digestion.  During 
starvation  the  secretion  almost  stops,  but  commences  again  after  partaking 
of  food  and  reaches  its  maximum,  according  to  Bernstkin,  H  kidknhain r,  and 
others,  within  the  first  three  hours.  According  to  Pawlow  and  his  school 
(  Walther  ')  this  maximum  is  dependent  upon  the  character  of  the  food. 
With  milk  diet,  it  appears  within  three  to  four  hoars,  after  bread  diet  at 
the  end  of  the  second  hour,  and  with  a  meat  diet  it  arrives  still  loans 
The  quality  of  the  juice  is  also,  according  to  Pawlow's  school,  dependent 
upon  the  food,  and  the  amount  of  the  three  enzymes,  diastase,  trypsin,  and 
Ft  caps  in,  changes  with  the  variety  of  food.     The  observations  which  form 

tthe  basis  of  this  view  have  been  somewhat  differently  explained  in  light 
of  recent  investigations. 
It  has  been  shown  that  we  must  not  only  carefully  consider  the  amount 
of  enzymes  in  the  juiee  but  also  the  zymogens.  Pawlow  and  his  pupils, 
especially  BctWOWALNIKOFT,  have  shown  that  a  body  occurs  in  the  intes- 
tinal juice  which  activates  a  juice  Otherwise  without  action  upon  proteid, 
converting  the  trypsinogen  into  trypsin.  This  body  Pawlow  calls  crUero- 
kinase,  and  is  itself  without  any  solvent  action  upon  proteid.  It  Is  not 
always  contained  in  the  intestinal  juice,  but  is  only  secreted  when  the 
pancreatic  juice  gets  into  the  intestine.  These  observations  were  later 
confirmed  by  others,  especially  by  Delezenne,  Camus  and  Gley,  and 
further  studied.  Enterokinase  has  also  been  found  in  all  of  the  higher  ani- 
mals examined ,  and  a  kinase  with  a  similar  action  has  been  detected  by  Dele- 
zenne in  the  lymph-glands,  in  impure  fibrin,  in  bacteria  and  fungi,  and  also 
in  snake-poison.  The  enterokinase  is  made  inactive  by  heat  and  is  there- 
fore considered  as  an  enzyme.  Hamburger  and  Hekjua,  who  detected 
enterokinase  in  human  intestinal  juice,  do  not  consider  it  an  enzyme  because 
a  certain  quantity  of  intestinal  juice  will  only  activate  a  certain  quantity 
of  trypsin. 

The  above  statements  concerning  the  action  of  a  varying  diet  upon  the 
enzyme  content  of  the  juice  have  been  somewhat  changed  by  the  investiga- 
tions of  Pawlow's  school  (Lintwarew  and  others).  For  instance,  a  diet  of 
bread  and  milk  causes  the  secretion  of  a  large  quan  ity  of  juice  which  is 
rich  in  tripsinogen  but  contains  nearly  no  trypsin.  On  giving  meat  after 
this  the  juice  also  contains  trypsin;  after  a  rich  meat  diet  the  secretion 
becomes  scant  and  the  juice  contains  only  trypsin  but  no  trypsinogen. 
The  one  difference  between  Pawlow's  school  and  certain  other  investi- 
gators is  as  follows:    According  to  Delezenne  and  Frouin  and  also 


1  Bernstein,  I.  c,  foot-note  4,  pago  320;    Walther,  Arch.  d«s  sciences  biol.  de  St. 
Peiersbourg,  ". 
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Popielski  '  the  juice  never  contains  tr>rpsin  but  always  only  trypsinogcn, 
if  it  is  collected  through  ■  mouhi  in  Wirsitnq's  duct,  so  that  contact 
the  intestinal  mucosa  is  prevented.     Popiki.sk  i  eoq  .tions 

df   I'aui.i.w's  Behoo!  I'.v   the  fact  that  a  contact  of  the  juice  with  the  in- 
testinal Be  was  am  perfectly  prevented,  and  that  with  one  kind  of 
1  rapid  flow  of  juice  took  place  and  with  another  a  slower  flow. 

It   is   not    atear  wh  fvre  are  also  kinases  for  the  other  two  en- 

zymes.    I'awlow's  school  '-laim  that   the  diastase  is  always  eliminated 
as  enzyme,  while  according  to  PoEBRSKl  I  kinase  also  exists  for  this  zymo- 
gen.    Tn  regard   to  steapsin   tl  nents  arc  somewhat,  contradictory. 
According  to  Lintwakkw  a  zymogen  is  seer.-t.ed  with  rarl>nhydrat- 
fat  rich  food,  which  is  quid .  k  di  iti.id  into  the  enzyme 
nal  juice.     With  a  meat  diet  the  steapsin  is  secret  i-d  already  formed. 

The  specific  irritants  for  the  secretion  of  pancreati     ;  according 

to  Paw  low  and  his  collaborat-  n  od  various  kinds,  hydroehlori! 

as  well  as  lactic  acid,  and  fats.    Alkalies  and  alkali  carbonates  have,  on 
contrary,  a  retarding  action.     It  seems  as  if  the  acids  act  in  a  reflex  niau 
ncr  by  irritating  the  mucosa  of  the  duodenum.     The  wa  h  causes- 

a  secretion  of  acid  gastric  juice,  also  becomes  indirectly  a  stimulant  for  the^* 
pancreatic  secretion,  bat  Way  also  be  an  indepeni  iter.  The  psychica^B- 

moment  may,  at  least  in  the  first,  place,  have  an  indirect  action  (sec: 
of  acid  gastric  juice),  and  the  food  seems  otherwise  to  have  an  action  one. — 
pancreatic  secretion  by  its  action  on  the  secretion  of  gastric  juice. 

The  most  important  excitant  for  the  secretion  of  juice  is  hydmchlori 
acid,  but  the  views  are  not  united  as  to  the  manner  in  which  the  acia  acts 
According  to  Pawlow's  school  the  acid  Mil  retkxly  upon  the  intestine,  ca 
ing  a  BOCral  ion  of  a  juice  containing  only  trypsinogen.     That  a  reflex  action  1 
here  produced   is  not  contradicted  by   the  investigations  of  Popi 

I  imkh  and  l.i.sAdK,  I'i.i.io,-  and  others.  According  to  the  researches 
a,  which  have  been  confirmed  by  Caw  c  I  lei 

HiBBSBK,  and  others,   a  second  factor  must  also  be  active  here.     Bat 
Li—  and  Starlino  have  shown  that  a  body  which  they  have  called  ■ 
can  be  extracted  from  the  intestinal  mucosa  by  a  hydrochloric  acid  solutio 
of  4  p.  m..  and  which  when  introduced  into  the  blood  produces  a  sec 
of  pancreatic  juice.     Secretin  Is  not  destroyed  by  heat,  it  is  not 
with  enterokinase,  and  is  not  considered  as  an  enzyme.    It  is  formed  fro 
another  substance,  prosecretin,  by  the  action  of  acids.     We  have  nun 


Flei 


1  Delezennc  arul  Frouin,  Compt.  rend.,  134,  and  Compt  rend.  soc.  biot.,  So;   Pcj 
eki,  Cfaotralbt.   !    Phyrfd  .  IT,  >>.',.     Per  the  literature  on  enterokinase.  secretin   *xi<*J 
pancreatic-juice  secretion  we  must  refer  to  the  extensive  literature  gi 
heim,  Hiochem.  Central!)!.,  1,  160. 

I  tralbl.  f.  Physiol.,  16,  681,  and  Compt.  rend.  soc.  bio!  ,  55.     See  also  foot- 
note, page  1. 
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investigations  on  secretin,  but  the  statements  differ  in  several  points.  It 
is  difficult  to  obtain  a  clear  conception  of  the  amount  of  zymogens  or  en- 
zymes secreted  by  the  juice  under  the  influence  of  the  secretin.  It  seems 
to  be  clear  that  this  juice,  at  least  in  many  cases,  contains  only  trypsino- 
gen  and  no  trypsin. 

The  activation  of  the  trypsinogen  into  trypsin  may — as  the  researches 

of  Herzen,  which  have  been  substantiated  by  Gachet  and  Panchon, 

Bellamy,  Mendel  and  Rettger,  have  shown — in  life  be  brought  about  not 

only  in  the  intestine,  but  also  in  the  gland  itself.    This  activation  of  the 

trypsinogen  in  the  gland  itself  is  caused  in  a  still  unknown  manner  by  a 

body  whose  nature  is  unknown,  and  is  formed  in  the  spleen,  which  is 

congested  during  digestion.    Such  a  "charging"  of  the  pancreas  by  the 

spleen  has  been  repeatedly  suggested  by  Schiff,1  and  his  statements  have 

Qot  only  been  confirmed  by  these  recent  investigations,  but  in  part  also 

explained. 

The  conversion  of  the  trypsinogen  into  trypsin  in  the  removed  gland  or 
,n  an  infusion  under  the  influence  of  air  and  water  and  also  by  other  bodies 
k*s  been  known  for  a  long  time.  According  to  Vernon  the  trypsin  itself 
has  a  strong  activating  action  upon  trypsinogen,  and  in  this  regard  it  is 
***ore  active  than  enterokinase.  The  ordinary  view  of  Heidenhain,  that 
the  transformation  of  trypsinogen  into  trypsin  is  also  brought  about  by 
aeids,  has  been  found  to  be  incorrect  by  Hekma.' 

Another  intraglandular  enzyme  formation  in  the  pancreas  is  that  ob- 
8erved  by  Weinland,  where  a  lactase  is  reflexly  formed  after  the  intro- 
duction of  milk-sugar  into  the  intestine.  This  is  a  special  example  of 
the  general  rule  based  upon  Brocard's8  researches,  that  the  kind  of  food 
ha«  a  marked  influence  upon  the  formation  of  hydrolytic  ferments  in  the 
•^ocly;  "  c'est  1 'aliment  qui  fait  le  ferment." 

The  statements  as  to  the  quantity  of  pancreatic  juice  secreted  in  the 
twenty-four  hours  differ  very  much.  According  to  the  determinations 
°^  Pawlow  and  his  collaborators,  Kuwschinski,  Wassiliew,  and  Ja- 
a*-ONSKY,4  the  average  quantity  (with  normally  acting  juice)  from  a  per- 
'^^.nent  fistula  in  dogs  is  21.8  c.  c.  per  kilo  in  the  twenty-four  hours. 

The  pancreatic  juice  of  the  dog  is  a  clear,  colorless,  and  odorless  alka- 
**Xe  fluid  which  when  obtained  from  a  temporary  fistula  is  very  rich  in 

1  Bellamy,  Journ.  of  Physiol.,  27;  Mendel  and  Rettger,  Amer.  Journ.  of  Physiol.,  7. 
"^  very  complete  reference  to  the  literature  may  be  found  in  Menia  Beebokaia:  "Du 
*apport  fonctionell  entre  le  pankreas  et  la  rate. "     Lusanne,  1901. 

-  Vernon.  Journ.  of  Physiol.,  28;  Hekma,  Kon.  Akad.  v.  Wettenschappen  te  Am- 
sterdam, 1903. 

1  Weinland,  Zeitschr.  f.  Biologic,  88  and  40;  Brocard,  Journ.  de  Physiol,  et  de 
*ath.  gen.  4. 

4  Arch,  des  sciences  de  St.  Pltersbourg,  2,  391.  The  older  statements  of  Keferstein 
and  Hallwachs,  Bidder  and  Schmidt,  and  others  may  be  found  in  Kiihne,  Lehrbuch,  114. 
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The  splitting  of  the  neutn  nay  also  be  shown  more  exa- 

the  folkrv  i  hod:     The  mixture  of  neutral  fats  (absolul 

fatty  acid-:]  and  para  Tea  tic  juice  or  pancreas  infusion  a  digested  at  th> 
pcrature  of  the  body  and  treated  with  some  soda  and  repeatedly  >hakt 
with  fresh  quantities  of  ether  until  all  the  onspUl  neutral  fat-  toved. 

Thea  it  is  made  acid  with  sulphuric  &i  Id     tad  after  the  aeid  liquor  has  been 
shaken  with  ether,  the  ether  is  evaporated,  and  the  residue  tested  for  I 
Ai  i-l- 

Another  simple  process  for  the  demonstration  of  the  fat-splitting  a< i 
of  the  pancreatic  glands  Is  the  following  (Cl.  BMENABO):   A  small  portion  of 
the  perfectly  fresh, finely  divided  gland  substance  18  first  soaked  in  al 
(90  pel  II  i  ii  the  alcohol  is  removed  as  far  as  possible  by  pressing 

between  blottio  ,  after  which  >ea  of  gland  ar>  l  with  an 

ethereal  solution  ol  butter-fat  (which  may  be  obtained  b>  chairing 

milk  with  can-tie  SOdfl  and  ether).     After  the  evaporation  of 

!  covered  with  butter- fat  are  pressed  between  two  wateh- 
glasses  and  then  gently  heated  to  ;i7°  i  in  this  position.    After  a 

certain  time  a  marked  odor  of  butyric  acid  appears. 

n-  pancreatii  jniee  in  splitting  fats  is  a  process  analogous 
to  that  of  saponification,  the  neutral  fats  being  decomposed,  by  the  addition 
of  the  elemei  ,   into  fatty  acids  and  glycerine  according  to  the- 

following  formula:  C,H&.<  )3.R,  (neutral  fat)  +3H,0     <  \H..O,.H,  (glycerine) 
4- .'i(H.O.R)  (fatty  acid)      Thi<  depends  upon  a  hydrolytic  splitting,  whick. 
was  first  positively  proved  by  Bernard  and  Bf.rthelot.     The  pancreas- 
enzyme  also  decomposes  other  esters  just  as  it  <\<n  >  the  neutral  fats  (NeHCI 

i  '■  splitting  enzyme  of  the  pancreas  is,  according  to  I'awloW" 

anil  J'im  \"  '  aided  in  its  action  by  the  bile. 

Tlie  fatty  acids  which  are  split  off  by  the  action  of  the  pancreatic  juic^^ 
combine  in  the  intestine  with  the  alkalies,  forming  soaps  which  have  ^*- 
stron»  emulsifying  action  on  the  fats,  and  thus  the  pancreatic  juice  l>« 
of  great  importance  in  the  emulsification  and  i  prion  of  the  fats. 

Trypsin.    The  action  of  the  pancreatic  juice  in  digesting  ; 
first  observed  by  Bernard,  but  first  proved  by  Cokv&MBS.9     It  <1- 
upon  a  Bpecia]  enzyme  called  by  Ki-tiM.  trypsin.    Thi 

ously  explained,  dors  not   OCCUT  in  the  gland  as  such  but  as  tryjisinogt 

irding  to  Ai.hkktoni  s  this  zymogen  is  found  in  the  gland  in  the  hue    ■  i* 
third  of  the  intra-uterine  life.      Enzymes  more  or  less  like  trypsin  ooonaaOP  ^ 
also  in  other  organs  and  are  also  very  widely  diffused  in  the  vegetable  king^^-*^" 
dorn.'  in  vast,  and  in  higher  plants,  and  are  also  formed  by  various  bacterie*-^""1^ 

1  liernard,  Ann.  de  chim.  et  physique  (3  Bar.),  2T»;  Berth  dot,  Jahresber.  d.  Chem.-*^*""1 
IflSfi,  733;  Nencki,  Arch.  f.  exp.  Path.  u.  Pharra.,  20;  Baas,  Zeitschr.  r.  phyaiol.  Chequ****" 
14,  41f>;   Bruno,  Arch,  des  sciences,  biolog.  de  St.  Peterebourg,  7,  II. 

1  Ga*.  hebdomadairc,  1857,  New.  15,  10,  19.     Cited  from  Bunge,  Lehrhuch,  4  Aufl*^-*^' 

•  See  Maly 'u  Jahrcsbcr..  8,  254. 

'  In  this  connection  see  Vines,  Annals  of  Botany,   16,  17,  and  Oppenheimer,  Dfld^fr 
Fenncnte,  1900. 
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than  one  month  after  birth,  seems,  although  not  identical  with  ptyalin,  to 
be  nearly  related  to  it.    Amylopsin  acts  very  energetically  upon  boiled 
starch,  and  according  to  Kuhne  upon  unboiled  starch,  especially  at  37° 
to  40°  C,  and  according  to  Vernon,1  best  at  35°  C.    It  forms,  similar  to 
the  action  of  saliva,  besides  dextrin,  chiefly  isomaltose  and  maltose,  with 
only  very  little  dextrose  (Musculus  and  v.  Merino,  Kulz  and  Vogel  *). 
The  dextrose  is  probably  formed  by  the  action  of  the  invertin  8  existing 
in  the  gland  and  juice.    According  to  Rachpord  the  action  of  the  amylop- 
sin  is  not  reduced  by  very  small  quantities  of  hydrochloric  acid  but  is 
diminished  by  larger  amounts.     Vernon,  Grutzner  and  Wachsmann  ' 
find  that  the  action  is  indeed  accelerated  by  very  small  quantities  of  hydro- 
chloric acid,  0.045  p.  m.,  while  alkalies  in  very  small  amounts  have  a  retard- 
^g  action.    This  retarding  action  of  alkalies  and  hydrochloric  acid  may 
b©  stopped  by  bile. 

If  the  natural  pancreatic  juice  is  not  to  be  obtained,  then  the  gland 
Inay  be  treated  with  water  or  glycerine.  This  infusion  or  the  glycerine  ex- 
to&ct  diluted  with  water  (when  glycerine  has  been  used  which  has  no  reduc- 
*pg  action)  may  be  tested  directly  with  starch-paste.  It  is  safer,  however,  to 
.  ^  precipitate  the  enzyme  from  the  glycerine  extract  by  alcohol,  and  wash 
"^lth  this  liquid,  dry  the  precipitate  over  sulphuric  acid,  and  extract  with 
^"ater.  The  enzyme  is  dissolved  by  the  water.  The  detection  of  sugar 
Txi&y  be  performed  in  the  same  manner  as  in  the  saliva. 

Steapsin  or  Fat-splitting  Enzyme.  The  action  of  the  pancreatic  juice 
0I*  fats  is  twofold.  First,  the  neutral  fats  are  split  into  fatty  acids  and 
glycerine,  which  is  an  enzymotic  process;  and  secondly,  it  has  also  the 
Property  of  emulsifying  the  fats. 

The  action  of  the  pancreatic  juice  in  splitting  the  fats  may  be  shown  in 

^?*^  following  way :  Shake  olive-oil  with  caustic  soda  and  ether,  siphon  off 

»***e  ether  and  filter  if  necessary,  then  shake  the  ether  repeatedly  with  water 

^**«i  evaporate  at  a  gentle  heat.     In  this  way  is  obtained  a  residue  of  fat  free 

*^>*n  fatty  acids  which  is  neutral,  and  which  dissolves  in  acid-free  alcohol 

^**cl  is  not  colored  red  1  y  alkanet  tincture.     If  such  fat  is  mixed  with 

*^**fectly  fresh  alkaline  pancreatic  juice  or  with  a  freshly  prepared  infusion 

°^    the  fresh  gland  and  treated  with  a  little  alkali  or  with  a  faintly  alkaline 

*5*3^cerine  extract  of  the  fresh  gland  (9  parts  glycerine  and  1  part  1  per  cent 

^^^ia  solution  for  each  gram  of  the  gland),  and  pome  litmus  tincture  addd 

**^*«i  the  mixture  warmed  to  37°  C,  the  alkaline  reaction  will  gradually 

^j^sappear  and  an  acid  one  take  its  place.    This  acid  reaction  depends  upon 

~**e  conversion  of  the  neutral  fats  by  the  enzyme  into  glycerine  and  free 

*^t.ty  acids. 

1  Korowin,  Maly's  Jahresber.,  8;  Zweifel,  foot-note  3,  page  290;  Kuhne,  Lehrbuch, 
*VT;  Vernon,  Journ.  of  Physiol.,  27. 
1  See  foot-note  1,  page  291. 

*  See  Tebb,  Journ.  of  Physiol.,  15,  and  Abelous,  Compt.  rend.  Soc.  de  biol. ,  43. 

*  Rachford,  Amer.  Journ.  of  Physiol.,  2;  Vernon,  1.  c. ;  Grutzner,  Pfliiger's  Arch.,  9L 
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The  splitting  of  the  neutral  fats  may  also  be  shown  more  ex; 
method:    The  mixture  of  neutral  fats  (absolutely  free 
•id  pancreatic  juice  or  pancreas  infusion  fa  digested  at  th< 
perature  of  f  treated  with  some  soda  and  repeatedly  shaken 

with  fresh  quantities  of  ether  until  all  the  unsph't  neutral 
Thei'  id  with  sulphuric  arid,  and  after  the  arid  liquor  ha-~ 

shaken  with  ether,  the  ether  is  evaporated,  and  the  residue  tested  for 
acids. 

Another  simple  process  for  the  demonstration  of  the  fat  -split  ting  action 
of  the  pancreatic  glands  is  the  following  (Cl.  Bernard):  A  small  pari 
the  perfectly  fresh,  finely  divided  gland  substance  is  first  soaked  in  ak 
C.H)  i  Thru  the  alcohol  u  removed  as  far  as  possible  by  pressing 

een  blotting-paper,  alter  which  the  pieces  of  gland  a r 
ethereal  solution  of  neutral  butter-fat  (which  may  be  obtain* 
milk  with  caustic  soda  and  etbj  r).     After  the  evaporation  of  the  ether  the 
pieces  of  gland  covered  with  butter-fat  are  pressed  between  two  wi 

glasses  and  then  gentry  heated  to  37°  to  40°(\  in  this  position.    After  i 
certain  time  a  marked  odor  of  butyric  acid  appears. 

The  action  Of  the  pancreatic  juice  in  splitting  fats  is  a  process  analogous 
to  that  of  saponification,  the  neutral  fats  being  decomposed,  by  the  ad<  I 
of  the  elements  of  water,  into  fatty  acids  and  glycerine  according  to  the 
following  formula:  cyWR,  (neutral  fat)  +3H,o  =  c,Hv<VH1  (give, 

-f  .'l(H.O.R)  (fatty  acid 'I.     This  depends  upon  a  hydrolytie  splitting, 
was  first  positively  proved  by  Bernard  and  Berthelot.    The  pancreas- 
en/>  nie  also  d.  ■<•«..  mposes  other  esters  just  aj  it  does  the  neutral  fats  (N'kncki, 
The  fat-splitting  enzyme  of  the  pancreas  is,  according  to  I'awlow 
and  BRUNO,1  aided  in  its  action  by  the  bile. 

The  fatty  acids  which  are  split  off  by  the  action  of  the  pan  fuios 

line   in   the  intestine  with   the  alkalies,  forming  soaps  whioh   have  a 
strong  emulsifying  action  an  the  fats,  and  thus  the  pancreatic  juice  becomes 
of  great  imjwirtance  in  the  emulsification  and  the  absorption  of  the  fats. 
Trypsin.     The  action  of  the  pancreatic  juice  In  digesting  was 

rved  by  Bernard,  but  first  proved  by  Corvisart.'     It  depends 
upon  a  spec  led  by  rluffira  trypsin.    Tins  a 

ouslv  explained,  does  r  in  the  gland  as  such  but  as  trypsin 

ni  J  this  zymogen  is  found  in  the  gland  in  the  last 
of  the  intra-uterine  life.      Enzymes  more  or  less  like  I 
in  other  organs  and  are  a  bo  very  widely  diffused  in  the  vegetable  king- 
dom.4 in  1  in  higher  plants,  and  are  also  formed  by  various  bacteria. 

t,  Ann.  de  ehim.  ct  physique  (3  ser.),  2o;    Berthelot,  Jahresbor.  d.  Chem., 
1855.  1  u.  Pharm.,  20;  Baas,  Zeitschr.  f.  physiol.  Chem., 

1J,  116;  Bruno,  Arch.  des  sciences,  biolog.  de  St.  PotersbourR,  7,  14. 

•  ni.  hebdonudoire.  1857,  Nob.  15,  16,  19.     Cit«d  from  Bungc,  Lehrbuch,  4  Aufl, 

"  Jv,BJahresbcr.,8,2M. 

_ineetioa  see  Vines,  Annals  of  Botany.   16,  17,  and  Oppenhaimer,  Die 
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Trypsin,  like  other  enzymes,  has  not  been  prepared  in  a  pure  condition. 
Nothing  is  positively  known  in  regard  to  its  nature,  but  as  obtained  thus  far  it 
ahows  a  variable  behavior  (Kuhne,  Klog,  I-kvkne,  Mays,  and  others). 
At  least  it  does  not  seem  to  be  a  nuelenproteid,  and  trypsin  has  aLso  been 
obtained  which  did  not  give  the  biuret  test  (Klug,  Mays,  Schwarzsciuld). 
Trypsin  dissolves  in  water  and  glycerine,  while  Ki  hm.'s  trypsin  was  insol- 
uble in  glycerine.  It  is  very  sensitive  to  heat,  and  even  the  body  tempera- 
ture gradually  decomposes  it  (Vernon,  Mays).  In  neutral  solution  it 
becomes  inartive  at  45°  C.  In  dilute  soda  solution  of  .V5  p.  in.  it  is  still 
more  readily  de-it  rove. 1  (Bixrnagki  Vkknon ').  The  presence  of  proteoses 
has,  to  a  certain  extent,  a  protective  action  on  heating  an  alkaline  trypsin 
dilution.     'IV  .  according  to  the  unanimous  statements  of  several 

experime-  more  resistant  towards  alkalies   than   trypsin.     Tr 

is  gradually  destroyed  by  gastric  juice  and  even  by  digestive  hydrochloric 
arid  alone.      Like  all  enzymes,  trypsin  is  characterized  by  its  physiol. 
action,  which  consists  of  dissolving  proteid  in  alkaline,  neutral,  and  even 
in  very  faintly  acid  solutions  and  of  splitting  it  into  simpler  products, 
such  as  mono-  an  o-aeids,  tryptophan,  and  other  bodies. 

The  preparation  of  pure  trypsin  has  been  tried  by  various  experimenters. 
The  most  careful  work  in  this  direction  was  done  by  B 
Various  methods  have  been  suggested  by  Mays,  but  we  cannot  entei 
a  discussion  of  them.     A  very  pure  preparation  can  lie  obtained  by  making 
use  of  the  combined  salting  out  with  NaCl  and  MgSO(,    A  very  active 
solution,  and  one  that  can  be  kept  for  a  long  time  (for  more  than  ta 

aooording  to  Hammakstkn),  can  be  obtained  by  extracting  with 
glycerine  (Hkidknhain  *).      An  impure  but  still  very  active  infusion  can 
be  obtained  after  a  few  days  by  allowing  the  finely  divided  gland 
with  water  which  contains  5-10  c.  c.  clilorofonn  per  liter  (8ALBOWSKJ 
the  temperature  of  the  room.      This  infusion  can  l>e  kept  very  m 
for  several  years  at  the  cellar  temperature,    For  digestion  eacperim 
the  active  commercial  trypsin  preparations  can  be  employed. 

The  action  of  trypsin  on  proteids  is  best  demonstrated  by  the  use  of 
fibrin.    Very  rable  quantities  of  this  proteid  body    ire 

by  a  small  amount  of  trypsin  at  37-40°  C.     It  is  always  necessary  to  make 
Lb  fibrin  alone,   with  or  without  the  addition  of  alkali. 
Fibrin  is  dissc  without  any  putrefaction;   the  liquid  b 

pleas  it  like  bouillon.     To  completely  exclude  putrefaction 

a  little  thymol,  chloroform.  '•should  be  added  to  the  liquid   Tr 


1  Kuhne,    Verh.    -I     naturh.-med.    Vereins    zu    Heidelberg  (N.   F.).    1,    3;    King. 
»tunr.  Bor.  aus  Ungarn,  18,  1902;    Lovene,   Amer    Journ.   of   Physio! 
uitschr    f    pfavstd    Chein  .  18;    Vernon,  Journ.  of  Physiol  ,  'JS  and  29;     Bier- 
aacki.  Zeitrtbf  f    Kiologie,  28;  Schwarz«ohilil.  HofmeUtea-'a  Beitrage,  4. 
'  PnugvrV  Arch.,  10. 
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digestion  diffcra  essentially  from  pepsin  digestion  in  that  the  first  takes 
place  in  neutral  or  alkaline  reaction  and  not,  as  is  necessary   for  peptic 
digestion,  in  an  acidity  of  1-2  p.  ni.  1IC1,  and  further  by  the  fact  that  the 
Bids  dissolve  in  trypsin  digestion  without  previ. n 

A.-  trypsin  not  only  dissolves  |  but  also  other  protein  substances 

such  M  gelatine,  this  latter  body  may  be  used  in  detecting  trypsin.    The 
liquefaction  of  Btanngly  disinfected  gelatine  is,  according  to  Fermi,1  :» 
ate  reagent  for  trypsin  or  trvptic  enzyme. 

.Many  circumstances  exert  a  marked  influence  on  the  ra/ 
trypsin  d  Up  slum.     With  an  increase  in  the  quantity  of  enzyme  presr 
digestion  n  hastened  at  least  b  sin  point,  and  the  sonic 

an  inc  \rniperatur*  at  least   to  alx>ut  40°  C,  at  which   temperatu 

the  proteid  is  very  rapidly  dissolved  by  the  trypsin.     The  reaction 
the    •     :i     i    importance.    Trypsin  acts  energetically  in   neutral,  or 
better  in  alkaline.,  solutions,  and  best  in  an  alkalinity  uf  3-4  p.  n 
but    the  nature  of  the  proteid  is  also  of  importance.     The  action  of  ll 
alkali  depends  upon  the  rmmlnr  of  hydroxy]   ions  {Diktze,  Kasitz)  and. 

aooordlng  to  Kanitz.3  the  digestion  proceeds  bast   in   those  sohitia* 
which  are  N, -70  N/200  in  regard  to  hydroxy]  ions.     Free  mineral  m 
in  von-  small  quantities,  completely  prevent  the  dig  If  the  si 

OOl   actually  free    but  «.-t  mibined  with  proteid  botlu  the  dip 

may   take    place  quickly  when  the   acid  combination  is  not   in 
excess  (Chittlndj.n  and  I'immin         Organic  acids  aci 
and   in   the   presence  of  0.2  p.  m.  lactic  acid  and  the  aunultana 
ence  of  bile  and  common  salt  the  m  may  indeed  proceed  moi 

than  in  a  faintly  alkaline  liquid  (Ljndberger).    The  statement  i 

mid  S'Mjtikjate,   that   the  bile  can  prevent    the   injurious  action 
.-drochloric  acid,  and  that  a   mixture  of   pancreatic  juice,  I 
hydrochloric   acid   digests  better  than  a  neutral  pancreatic  jui> 
nut  be  substantiated  by  Chittenden  and  ALBRO.     That  bile  has  an  I 
i- nding  to  aid  the  trvptic  digestion  has  been  shown  by  many  investi: 
and  recently  by  Bruno,  Zuxtz  and  Ussow.* 

Carbon  dioxide,  according  to  Schierbbck,*  has  a  retarding  set 
acid  solutions,  but  it  accelerates  the  trvptic  digestion  in  faintly  alkaline 
liquids.     Foreign  bodies,  such  as  borax  and  potassium  cyanide,  may 


1  Arch.  f.  Hygiene.  12. 

1  KaniU.  Zeitetfhr.  f  phyniol.  Chera.,  S7,  who  also  cites  Dietite. 

'  Chittenden  and  (dimming,  Studies  from  the   Physiol.  (Them.  Laboratory 
College,  V  n,188ff,1    100;    Lindberger,  Maly'a  Jahreabcr..  It;   Raahford  •» 

Southgate,  Medical  Record    1806;  t'hittenden  and  Albro,  Amer?  Jouru.  of  Phyv 
1898;  Rachford.  Journ.  of  Physiol.,  25;  Bruno,  L  c;  Zunt*  and  Uaaow.  Arch  f.  (An*1- 
u.)  Physiol.,  1900. 

'  Skand  Arch,  f.  Physiol.,  8. 
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mote  tryptic  digestion,  while  other  bodies,  such  as  salts  of  mercury,  iron, 
and  others  (Chittenokn  and  Cummins),  or  salicylic  acid  in  large  quan- 
tities, may  have  a  preventive  action,  The  nature  of  the  protcids  is  also 
of  importance.  Unboiled  fibrin  is,  relatively  to  most  other  proteids, 
dissolved  so  very  quickly  that  the  digestion  test  with  raw  fibrin  gives  an 
incorrect  idea  of  the  power  of  trypan  to  dissolve  coagulated  proteid  bodies 
in  general.  Boiled  fibrin  is  digested  with  much  greater  difficulty  and 
requires  also  a  higher  alkalinity:  8  p.  m.  NftgOO,  (Vehnon1).  An  accumur 
lotion  of  the  products  of  digestion  tends  to  hinder  the  trypsin  digestion. 

The   Products  of  tht    Tryptic   DigtwHan.     In   the  digestion  of  unlvoiled 
fibrin  a  globulin  which  coagulates  at  55-60° C.  may  be  obtained  as  an 
intermediate  product  (Herrmann  ').    Besides  this  one  obtains  from  fibrin, 
as  well  as  from  other  protcids,  the  products  previously  mentioned  in  Chapter 
II.     In  trypsin  digestion  the  cleavage  may  proceed  so  far  that  the  safe- 
ton  fails  to  give  the  biuret  reaction.     This  does  not  indicate,  as  K.  Fischer 
uid  Abderhalden  have  shown    ;i  <■< iioplete  cleavage  of  the  proteid  mole- 
cule into  mono-  and  diamino-acids,  etc.,  because  polypeptide-like  bodies 
we  produced  beside  these  acids  which  are  intermediary  bodies  between 
tlie  peptones  and  the  end  products.    These  bodies,  which  resist  tryptic 
digestion  for  a  long  time,  contain  the  pyrmlidin-carbonn-  m -id  and  phenyl- 
alanin  groups  of  the  proteids,  and  also  yield  other  rnonamino-acids.  such 
m  leucin,  alanin,  glutamic  acid,  and  aspartic  acid.     In  tryptic  digestion 
&o  more  nitrogen  as  ammonia  is  split  iff  than  on  hydrol\>is  with  acids 
(Mochizuki),  which  is  a  difference!  between    trypsin  and   the  autolytic 
:nes.    Among  the  above-mentioned  products  we  find  on  the  auto-diges- 
of  the  gland  other  substances,  such  as  oxyphenylethylamine  (  Kmkrson), 
*hicn  is  produced  from  ty rosin  by  fesmenthre  CO,  cleavage;  also  uracil 
n'e),  which  originates  from  the  nurlein  bodies,  the  purin  bases,  and 
luch  latter  is  formed  from  lecithin  (Kutscher  and  I.  >iv  \-,\  3j. 
refaction  is  not  completely  prevented,  still  other  bodies  occur  which 
,*yl  be  considered  later  in  connection  with  the  putrefactive  processes  in  the 

The  Action  of  Trypsin  upon  other  bodies.     The  nucleoproteids  an.  1  nuclcins 

**&  so  digested  that  the  proteid  complex  red  from  the  nucleic 

and  then  digested.     The  nucleic  acids  may,  nevertheless,  be  somewhat 

:  a  splitting,  with  the  Betting  free  of  phosphoric  acid  and 

loes  not  seem  to  occur  with  trypsin  (Iwanqvy *).    Otlaa 

I'  Journ.  of  Physiol.,  28. 
:  Herrmann,  Zeitechr.  f.  physiol.  Chem.,  11. 
i  ;cher  and  Abderhnlckn,  Zeitachr.  f.  physiol.  Chem.,  39;  Mochiztiki,  Plofmeister's 
°*trSge,  1;  Emerson,  ibui.,  1;  Levens,  Zcitechr.  (.  physiol.  Chem.,  37;    Kutscher  and 
^*mann.  iW..  SO. 
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dissolved  and  digested  by  pancreatic  juice.  A  cleavage  with  the  separa- 
tion of  glycocoll  and  leucin  does  not  occur  (Kitine  and  KwAU>),or  only  to 
a  trivial  extent  (Reich-Herzbergf.  '). 

The  gelatine-farming  substance  of  the  connective  tissues  is  not>: 
dissolved  by  trypsin,  but  only  after  it  has  been  treated  with  acids  or  soaked 
in  water  at  70°  C.  By  the  action  of  trypsin  on  hyalin  cartilage  the  cells 
dissolve,  leaving  the  nucleus.  The  matrix  is  softened  and  shows  an  indis- 
tinct! y  constructed  network  of  collagenous  substance  (KI'hxe  and  Ewald). 
The  clualic  substance,  the  structureless  membranes,  and  the  membrane  a\  \k. 
Jat-cclls,  are  also  dissolved.  Parenchwnatous  organs,  such  as  the  liver  and 
the  are  dissolved,  all  but  the  nuclei,  connective  tissue,  fat 

puscles,  and  the  remainder  of  the  nervous  tissue.  If  the  muscles  arc  boiled, 
then  the  connective  tissue  is  also  Mucin  is  dissolved  an<J 

by  trypsin,  while  chtiin  and  horn  substance  do  not  seem  to  be  acted  UpCD 
by  the  enzyme.  Oxyh&mcgfobin  is  decomposed  by  trypsin  with  the  splitting 
off  of  lurinatin.     Trypsin  has  no  action  upon  fat  and  carbohydrates. 

Wi  have  the  investigations  of  Ciulkwitsch,  Cr -wi.uniann,  SarwAHJ- 
sc'HiLi).1  E.  Fischer  and  Bekoell*  upon  the  action  of  trypsin  of  I 
constructed  substances  of  known  constitution,  such  as  acid  amides  and 
several  others  that  give  the  biuret  reaction.  An  undoubted  cleavage  of  Cm* 
ti  us's  biuret-base  was  first  observed  by  Schwajizschild.  He  found  that  thi> 
base,  which  he  considers  as  hexaglycylglycinethyl  ester,  was  decomposed 
by   trypsin   with   the  splitting   off  of  glycocoll.     Fischer   and   B> 

md  that  the  ^-naphthalene  buI phonic  derivatives  of  glycyl  J-alanin  aod 
3-alanylglycin  were  very  resistant  towards  trypsin,  while  the  naphthalew 
Milpho-  and  carU-thoxyl  derivatives  of  glyc-vl-t vrosin  were  readily 
by  trypsin  yielding  tyrosin.  In  the  action  of  trypsin  upon  inactive  carb- 
ethowl-J-1-leucin  the  asymmetric  compound  is  formed.  It  acted  especially 
upon  one-half  of  the  racemic  body  and  split*  off  1-lcucin.  Tin 
of  the  dipep tides  and  their  derivatives  is  therefore  dependent  upon  several 
factors,  namely,  upon  Um  Minn  of  the  amino  acids,  their  stereometric 
structure  and  other  conditions. 

Pancreatic  rennin  is  an  enzyme  found  in  the  gland  and  in  the  juice  which  flap1* 
Ikaline  milk  CKUhne  and  Roberts  and  others).    Tbisar 
nut  Identical  with  trypan,  and  the  optimum  of  i  on  lies  according  t.. '. 

between  60°  and  65°.     According  to  11  m.i.ihcrton  and  Brodie  *  caw  a 
verted    hv   the  pancreatic  jui<e  of   the  dog  into   "pancreatic  casein,"  1*5 
stance  which,  in  regard  to  solubility,  stands  to  a  certain  extent  between  caa™ 
and  paracasein  (8MM  Chapter  XIV),  and  which  is  convertetl  into  paracasein  ^ 

1  Kuhoc  and  Ewald,  Verb.  d.  naturh.-med.  Vcreins  zu  Heidelberg  (N,  F .),  1;  R«* 
HerzberRe,  Zeitschr  f.  physiol.  Chenv,  34. 

1  Hofmeister's  Beitrage,  4,  where  the  other  works  are  also  cited. 

'  Ber.  d.  d.  chem.  Gesellsch.,  36. 

•  Kiihne  and  Roberts,  Maly's  Jahrcsbcr..  0;  aee  abso  Ed  kins,  Journ.  of  Phyw^L.  " 
(literature  references);  Halliburton  and  Brodie,  ibid.,  20;  Vernon,  tbi.i 
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rennin.  Further  investigations  on  the  action  of  this  enzyme  upon  milk  and 
especially  upon  pure  casein  solutions  an  very  desirable. 

Pancreatic  calculi.  The  concrement  from  a  cystic  enlargement  of  Wirsuvo's 
duct  in  a  man  as  analyzed  by  Baldoni1  contained  in  10UU  parts  as  follows:  Water 
34.4.  axh  126.7,  albumin  substance--  ;  l.i.  free  fatty  acids  188,  neutral  fats  124, 
cholesterin  70.9,  soaps  and  pigment  490.1,  parts. 

Besides  the  enzymes,  which  have  been  discussed  in  connection  with  the 
pancreatic  juice,  the  gland  also  contains  others,  among  which  can  be  men- 
d  the  enzyme  which,  according  to  Stoklasa  and  his  collaborators, 
occurs  chiefly  in  organs  and  tissues  and  which  decomposes  sugar  into  rinohol 
and  carbon  dioxide,  like  zymu.-  rding  Uj  Slmac  kk.-  m  the  |  u 

the  glycolysta  by  means  of  alcoholic  fermentation,  and  the  hydrolysis  of 
the  disaccharides,  are  united  together  as  a  specific  action,  and  he  has 
obtained  precipitates  from  coll-free  press-fiuid  with  alcohol  and  ether 
which  brought  on  both  actions  without  bacterial  action.  In  this  connec- 
tion attention  must  also  be  called  to  the  fact  that  U.  Cohnheim  *  has  been 
able  to  obtain  a  strongly  glycolytic  cell-free  fluid.  not  from  the  pancreas 
alone,  but  from  a  mixture  of  QUiaele  ami  pancreas. 

V.    The  Chemical  Processes  In  the  Intestine. 

The  action  which  belongs  to  each  digestive  secretion  may  be  es 
tially  changed  under  certain  conditions  by  i>eing  mixed  with  other  digestive 
fluids  for  various  reasons,  ami  also  In  the  action  of  the  enzymes  upon  each 
other;4  and  since  the  digestive  fluids  which  flow  into  the  intestine  are 
1  with  still  another  fluid,  the  bile,  it  will  be  readily  understood  that 
the  combined  action  of  all  these  fluid-  in  the  Intestine  makes  the  ohen 
processes  going  on  therein  very  complicai 

As  the  acid  of  the  gastric  juice  acts  destructively  on  ptyalin,  this  enzyme 
has  no  further  diastatic  action,  even  after  the  and  of  the  gastric  juice  lias 
been  neutralized  in  the  intestine.  The  bile  has,  at  least  in  certain  animals, 
a  slight  diastatic  action,  which  in  itself  can  hardly  be  of  any  great  impor- 
tance, but  which  shows  that  the  bile  has  not  a  preventive  but  rather  a 

icial   influence  on   the  energetic  diastatic   action  of  the  pane 
juice.     Martin  and  Williams     I     PLOW  and  Bruno1  have  observed  a 
beneficial  action  of  the  bile  on  the  diastatic  the  pancreas  infu 

To  this  may  be  added  that  the  organized  ferments  which  occur  habitually 
in  the  intestine  and  sometimes  in  the  food  have  partly  a  diasta; 
and   partly    produce   a    ku  I    and   butyric-acid    fermentation.     The 


•  Maly's  Jahrrabcr.,  29,  868. 
'Stoldun,  ace  foot-nut*-  t,  page  9;  Simacek,  Centralbl.  f.  PIiym.I  ,  If. 

•  ZeiUcbr.  f.  physiol.  Chem..  39. 
•See  Wroblewski  and  collaborators,  Hofmeister's  Beitrage,  1. 

'Martin  and  Williams,   Proceed,  of  Roy.    Soc.,  43  and  4S;    Bruno,  foot-note  1, 
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maltose,  which  is  formed  from  the  starch,  seems  to  be  converted  into  dextrose 
in  the  intestine.    Cane-sugar  is  inverted  in  the  intestine,  and,  at  least 
in  certain  animals,  also  lactose.1    Cellulose  undergoes  a  fermentation  in  th^e 
intestine  by  the  action  of   micro-organism  marsh-gas,  aceti  < 

acid,  and  butyric  acid  (Tappeiner)  ;  still  it  is  not  known  to  what 
the  cellulose  is  destroyed  in  thus  \vn J 

The  bile  has,  as  shown  by  Moore  and  Rock  wood  a  and  then  especially:  ZJ 
by  Pfluger,  the  property  to  a  high  degree  of  dissolving  fatty  acids.  espe==>> 
cially  oleic  add,  which  itself  is  a  solvent  for  other  fatty  acids,  and  hence^H?, 
as  will  be  seen  later,  it  is  of  great  importance  in  the  absorption  of  fat.  ^^Hl 
is  also  of  greater  importance  that  the  bile,  as  previously  stated,  not  onlBHv 
activates  the  .steapsinogen,  but  that,  as  first  shown  by  Nknc/ki  and  Racih5> 
ford,*  it  accelerates  the  fat  -splitting  action  of  the  steapsin.  The  fatty  »eii  fa 
combine  with  the  alkalies  of  the  intestinal  and  pancreatic  juices  and  thrne 
bile,  producing  soaps  which  are  of  great  importance  Ln  the  absorption  -^m( 
the.  fats. 

If  to  a  soda  solution  of  about  1-3  p.  m.  Na,COa  is  added  pure,  perfect-  3r 
neutral  olive-oil  in  not  too  large  quantity,  a  transient  emulsion  is  obtain^sd 
after  vigorous  shaking.  If,  on  the  contrary,  one  adds  to  the  same  quantify 
of  soda  solution  an  equal  amount  of  commercial  olive-oil  (which  alwi 
contains  free  fatty  acids),  the  vessel  need  only  be  turned  over  for  (be 
liquids  to  mix  and  immediately  there  appears  a  very-  finely  divided  and 
manent  emulsion,  making  the  liquid  appear  like  milk.  The  free  fatty  aci<ds 
of  the  commercial  oil,  which  is  always  somewhat  rancid,  combine  with  t-^w 
alkali  to  form  soaps  which  act  to  emulsify  the  fats  (  Button,  I  .'<  \i>.  LcM 
thal 6).  This  emulsifying  action  of  the  fatty  acids  split  off  t >y  the  pancrea  "•w 
juice  is  undoubtedly  assisted  by  the  habitual  occurrence  of  free  fatty  aci 
in  the  food,  as  well  as  by  the  splitting  off  of  fatty  acids  from  the  neutral  fa 
in  the  stomach  (see  page  306). 

Bile  completely  prevents  peptic  zymolysis  in  artificial  digestion,  becai 
it  retards  the  swelling  up  of  the  proteids.  The  passage  of  bile  into  n^^&e 
stomach  during  digestion,  on  the  contrary,  seems,  according  to  seves — *** 
investigators,  especially  Onni  and  Dastrk,'  to  have  no  disturbing  act 

M  foot-noto  3,  page  818. 
1  <  >n  the  digestion  of  cellulose  see  Henncbcrg  and  Stohmann,  Zcitachr    f.  l\\<Ao^000e' 
21,  613;    v.  Knieriem,  ibid.,  87;    Hofraeister,  Arch.  f.  wiss.  u.  prakt.  Thierheilkut^^^Hk 
11:  Vfefaks,  Zo&nihr.  f  .  Biologie,  82,373;  Tappet*  9DaadSi;  and  Malln^  "^ 

Pflugcr's  Arch.,  49;  Omeliansky,  Arch.  d.  scienc.  biol.  de  St.  P<5tersbourg,  7;  E.  Mul^^*** 

Pfletger's  Arob., 

1  Prooeediap  Of  Roy.  BOO.,  00,  and  Jouru.  of  Physiol.,  21.     In  regard  to  Pflug^^r'* 
work  see  absorption,  page  844 

Wih.  u.  Phnnn..  20;   Rachford,  Journal  of  Physiol..  11 

'Brikoko,  Wkn    Stonglbei  ,  01,  Al.th.  2;  Gad,  Da  Bois-Rcymond 'a  Arch.,  1875; 
Loewenthal    Bid,  1S97. 

,Oddi,  Oaf  in  Centralbl.  f.  Physiol.,  1,  312;  Dastre,  Arch,  de  Physiol.  ('. 
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on  gastric  digestion.  Bile  has  no  solvent  action  on  proteids  in  neutral 
k  aline  reaction,  but  still  it  may  exert  an  influence  on  proteid  digestion 
in  the  intestine.  The  acid  contents  of  the  stomach,  containing  an  abun- 
dance of  proteids,  give  with  the  bile  a  precipitate  of  proteids  and  bile-acids. 
This  precipitate  carries  a  part  of  the  pepsin  with  it  and  for  this  reason, 
and  also  on  account  of  the  partial  or  complete  neutralization  of  th< 
of  the  gastric  juice  by  the  alkali  of  the  bile  :ind  the  pancreatic  juke,  the 
pepsin  digestion  cannot  proceed  further  in  tlu'  intestine.  On  the  contrary, 
>ile  does  not  disturb  the  digestion  of  proteids  by  the  pancreatic  juice 
in  the  intestine.  The  action  of  these  digestive  secretions,  as  above  stated, 
is  not  disturbed  by  the  bile,  not  even  by  the  faintly  acid  reaction  due  to 
organic  arids;  but,  on  the  contrary,  the  action  of  trypsin  is  accelerated 
by  the  bile.  In  a  dog  killed  while  digestion  is  going  on,  the  faintly  acid, 
bfle-containing  material  of  the  intestine  shows  regularly  a  strong  digestive 
action  on  proteids. 

The  precipitate  formed  on  the  meeting  of  the  acid  contents  of  the 
stomach  with  the  bile  easily  redissolves  in  an  excess  of  bile  ami  also  in  the 
XaCl  formed  in  the  neutralization  of  the  hydrochloric  acid  of  the  gastric 
jnice.  This  may  take  place  even  under  faintly  acid  reaction.  Since  in 
man  the  excretory  ducts  of  the  bile  and  the  pancreatic  juice  open  near  one 
another,  in  consequence  of  which  the  acid  contents  of  the  stomach  are 
probably  immediately  in  great  part  neutralised  by  the  bile  as  soon  as  it 
enters,  it  is  doubtful  whether  a  precipitation  of  proteids  by  the  bile  occurs 
in  the  intestine. 

Besides  the  previously  mentioned  processes  caused  by  enzymes,  there 
arc  others  of  a  different  nature  going  on  in  the  intestine,  namely,  the  fer- 
mentation and  putrefaction  processes  caused  1>\  micro-organisms.  These 
are  less  intense  in  the  Upper  parts  of  the  intestine,  but  increase  in  intensity 
towards  the  lower  part  of  the  same,  and  decrease  in  the  large  intestine 
because  of  the  consumption  of  fermentable  material  and  by  the  removal 
of  water  by  absorption.  Fermentation  processes,  but  only  very  slight 
putrefaction,  occur  in  the  small  intestine  of  man.  Macfadyen,  M. 
Nenckj,  and  X.  BllBBB  l  have  investigated  a  case  of  human  anus  prsBter- 
naturalis,  in  which  the  fistula  occurred  at  the  lower  end  of  the  ileum,  and 
were  able  to  investigate  the  contents  of  the  intestine  after  it  had  been 
lion  of  the  mucous  membrane  of  the  entire  small  intestine. 
Tne  mass  was  yellow  or  yellowish  brown,  due  to  bilirubin,  had  an 
reaction  which,  on  a  mixed  but  chiefly  animal  diet,  calculated  as  acetic 
acid,  amounted  to  1  p.  m.  The  contents  were  nearly  odorless,  having  an 
reumatic  odor  recalling  that  of  volatile  fatty  acids,  and  only  seldom 
had  a  putrid  odof  resembling  that  <>f  indol  The  essential  acid  present  was 
acetic  acid,  accompanied  by  fermentation  lactic  acid  and  paralactic  acid, 
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volatile  fatty  acids,  succinic  acid,  and  bile-acids.  Coagulable  proteids, 
peptone,  mucin,  dextrin,  dextrose,  and  alcohol  were  present.  Leucin  and 
tyrosiu  eonld  not  be  detected. 

According  to  the  above-mentioned  investigators,  the  proteids  are  only 
to  a  very  slight  extent,  if  at  all,  decomposed  by  the  microbes  in  the  small 
intestine  of  man.  The  organisms  present  in  the  small  intestine  preferably 
decompose  the  o:irlx>hydrates,  forming  ethyl  alcohol  and  the  above-men- 
tioned organic  acids. 

Further  investigations  of  Jakowsky  and  of  Ad.  Schmidt  '  le«i 
same  result,  namely,   that  in  man  the  putrefaction  of  the  proteids  tak< 

in  the  large  intestine.     This  putrefaction  of  the  proteids  is  not  the 
same  as  the  pancreatic  digestion.     In  putrefaction  the  decomposition  goes 
murh  further  anil  a  mixture  of  products  is  obtained  which  have  hecoi 
known  through  the  labors  of  numerous  investigators,  especially  Nl 
B.u  mann.  BUBQBB,  II.  and  K.  Salkowski,  and  their  pupils.    The  product 
which  are  fanned  in  the  putrefaction  of  proteids  are  (in  addition  to  pro- 
teoses, peptones,  amino^acids.  and  ammonia)  indol,  skatol,  paracresol,  phenol^ 
phenyl  propionic  add.  m  ftacetic  acid,  also  paraozyph*  '  and 

hydroparucumaric  acid  (besides  paracresol,  pnnluced  in  the  putrefaction  of 
tyrosin),  volatile  fatty  acids,  carbon  dioxide,  hydrogen,  marsh-gas,  methylmer- 

n,  and  sulphuretted  hydrogen.     In  the  putrefaction  of  gelatine  n> 
tynxsin  nor  indol  is  fanned,  while  glycocoll  is  produced  instead. 

Among  these  products  of  rtoocunjpmiitirm  a  few  are  of  special  iniei 
because  of  their  behsviox  within  the  organism  and  because  after 
abeorptinn  they  pass  into  the  urine.     A  few,  such  as  the  ■ 
unchange<l  into  the  urine.     Others,  such  as  phenols,  are  directly  trans- 
i  In-real  acids  by  synthesis,  and  are  eliminated  as 

such  by  the  urine;  on  the  contrary,  othen,  such  as  indol  and  skatol,  are 
only  converted  into  ethereal  sulphuric  acids  after  oxidation  (for  details  see 
Chapter  XV),  Th»-  quantity  of  these  bodies  in  the  urine  varies  also  with 
the  e  processes  in  the  intestine;   at  least  ihis  ia 

true  for  the  ethereal  sulphuric  acids.    Their  quantity  increases  in  the  urine 
with  a  stronger  putrefaction,  and  the  reverse  takes  place,  namely,  a  disar 
peora-  the  urine,  or  e  gwftl  reduction  in  quantity,  as  U 

HlXLKl   and  GoODBODT  s  have  shown  by  experiments  on  dogs,  when  the 
reeled  by  various  agents. 

Among  the  above-mentioned  putrefactive  products  in  the  intestine  the 
two  following,  indol  and  skatol.  should  be  especially  noted. 

'  JakovskT.  Arch,  dw  aeknt  bioL  de  Si.  Ptecsbouig.  1;  Ad.  Schmidt,  Arch.  I 
YmUuu&gkkr  ,  I 

ilWumann.  Zdtjchr.   f.  physioL  Chero  .  10;    llarier  and  Goodbody.  Brit.  Med. 
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/      \ 

Indol,    C,HTN=CJL  CH, 

NH 


and     Skatol,     or     methylt-indol, 


C.H.N  =C,H4 


/ 


C.CH, 


\ 


^CH,  are  two  bodies  which  stand  in  close  relationship 

NH 

to  the  indigo  substances  and  are  formed  in  variable  quantities  from  pro- 
teid  compounds  under  different  conditions.  Hence  they  occur  habitually 
in  the  human  intestinal  canal,  and,  after  oxidation  into  indoxyl  and  skat- 
oxy]  respectively,  pass,  at  least  partly,  into  the  urine  as  the  corresponding 
ethereal  sulphuric  acids  and  also  as  glucuronic  acids. 

These  two  bodies  have  been  prepa  hetically  in  many  ways.    Both 

l>e  obtained  from  indigo  by  reducing  it  with  tin  and  hydrochloric  acid 
ils  reduction  product  with  zinc-dust  (Bakyer  ').     Indol  may 
rated  from  skatol  by  passing  it  through  a  red-hot  tube.     Indol  sus- 
pended in  water  is  in  part  ;  into  indigo-blue  by  ozone  (Nk.ncki  s). 

katol  crystallize  in  shining  leaves,  and  their  melting-points 
are  52°  and  95°  C.  respectively.  Indol  has  a  peculiar  excrement itioos 
odor,  while  skatol  has  an  intense  fetid  odor  (skatol  obtained  bom  indigo  Is 
odorless).  Both  bodies  are  easily  volatilized  by  steam,  skatol  more  a 
than  indol.  They  may  both  be  removed  from  the  watery  distillate  by 
ether.     Skatol  is  the  luble  of  the  two  in  boiling  water.     Both  are 

easily  soluble  in  alcohol  and  give  with  picnV  acid  a  combination  con 
red  crystalline  needles.  If  a  mixture  of  the  two  pierates  be  distilled  with 
ammonia,  they  Im •  t li  pass  over  without  decomposition;  while  if  they  are 
distilled  with  caustic  soda,  the  indol  but  not  the  skatol  is  decomposed. 
The  watery  solution  of  indol  gives  with  fuming  nitric  acid  a  red  liquid  and 
then  a  red  precipitate  of  nitroso-indol  nitrate  (Nencki).  It  is  better  first 
to  add  two  or  three  drops  of  nitric  acid  and  then  a  -  per  cent  solution  of 
potassium  nitrite,  drop  by  drop  (Salkowski  *).  Skatol  does  not  give  this 
reaction.  An  alcoholic  solution  of  indol  treated  with  hydrochloric  acid 
colors  a  pine  chip  cherry-red,    Skatol  does  not  give  this  reaction.     Indol 

■lor  with  sodium  nitroprusside  and  alkali 
(Leoal's  reaction).    On  acidifying  with  hydrochloric  acid  or  acetif 

color  becomes  pure  blue.    Skatol  does  not  act  the  same.    The  alkaline 

itiou  is  yellow  and  I  violet  on  acidifying  with  acetic  acid  and 

boiling.    Skatol  dissolves  in  concentrated  hydrochloric-  acid  with  a  \ 

U    I 'harm.,  140.  and  Supplbd.,  7,  M;  also  Tier.  d.  deutach.  chem. 
I 
■  Tier,  d  detiUich  chem.  C.es..!l     li  .  8,  727,  and  ibid.,  722  and  1T.17. 
•  Zeitschr  f.  phyaiol.  Chem.,  8,  447. 
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coloration.     On  warming  skatol  with  sulphuric  acid  a  beautiful  pur 

coloration  is  obtained  (<'iamii-un  and  Maunanini1). 

For  the  detection  of  Indo]  and  skatol  in,  and  their  preparation 
ament  and  putrefying  mixtureB,  the  main  points  of  the  usual  me 
are  as  follows:    The  mixture  is  distilled  after  acidifying  v.  acid; 

ih>-  distillate  is  then  treated  with  alkali  (to  combine  with  any  phenols 
which  may  be  present)  and  again  distilled.  From  this  second  distillate  the 
two  bodies,  after  the  addition  ol   hydrochloric  acid,  are  prcci] 

{add.    The  picrate  precipitate  is  then  distilled  with  ammonia.   Thetw 
Kidii  t.iiiHil  from  the  distillate  by  repeated  shaking  with 

evaporation  of  the  seven]  ethereal  extracts.   The  residuej  W'tft""*1 
and  skatol,   is  dissolved  in  a  very  small  quantity  of  absolute  alcohol  and 
treated  with  K-10  vols,  of  water.     Skatol  is  precipitated,  but  not  the 
The  further  treatment  necessary  for  their  separation  and  purification  will 
be  found  in  other  works. 

The  gases  which  are  produced  by  the  decomposition  processes  are  mixed 
in  the  intestinal  tract  with  the  atmospheric  air  swallowed  with  the  ?*liv» 
and  food,  and  as  the  gas  developed  in  the  decomposition  of  different  foods 
varies,  so  the  mixture,  of  gases  after  various  foods  should  have  a  dissimilar 
composition.  This  is  found  to  be  true.  Oxygen  is  found  only  in  very  faint 
traces  in  the  intestine;  this  may  be  accounted  for  b  part  by  the  formation 
of  reducing  substances  in  the  fermentation  processes  which  combine  with 
the  oxygen,  and  partly,  paiilAJM  chiefly,  to  a  diffusion  of  the  oxygen  Ufa 
the  tissues  of  the  walls  of  the  intestine.  To  show  that  these  processes  take 
place  mainly  in  the  stomach  the  reader  is  referred  to  page  308,  on  the 
position  of  the  gases  of  the  stomach.  Nitrogen  is  habitually  found  in  the 
intestine,  and  it  is  probably  due  chiefly  to  the  swallowed  air.  The  cwfc* 
dioxide  originates  partly  from  the  contents  of  the  stomach,  parti] 
putrefaction  of  the  proteids,  partly  from  the  lactic-acid  and  butyric-acid 
fermentation  of  carbohydrates,  ami  partly  from  the  setting  free  of  carton 
rli'  odde  from  the  alkali  carbonates  of  the  pancreatic  and  intestinal  juices  by 
their  neutralization  through  the  hydrochloric  acid  of  the  gastric  juice  and 
by  organic  acids  formed  in  the  fermentation.  Hydrogen  occurs  in  Li: 
quantities  after  a  milk  diet,  and  in  smallest  quantities  after  a  purely  inea1 
diet.  This  gas  seems  to  be  formed  chiefly  in  the  butyric-acid  fermentation 
of  carbohydrates,  although  it  may  occur  in  large  quantities  in  the  putt*1 
faction  of  proteidl  under  certain  circumstances.  There  is  no  doubt  thfltd* 
mrthyimercaptan  and  yu'pliurdttd  hydrogen  which  occur  normally  in  An 
intestine  originate  from  the  proteids.  The  marsh-gas  undoubtedl} 
inates  in  the  putrefaction  of  proteids.  As  proof  of  this  Risk1  found 26.45 
per  cent  marsh-gas  in  the  human  intestine  after  a  meat  diet.  He  found  a 
still  greater  quantity  of  this  gas  after  a  vegetable  (leguminous)  diet;  this 

l  Bcr.  d.  d.  ehem.  Gesellsch.,  21,  1928. 
a  Win.  Sitzungsbcr.,  44. 
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i'les  with  the  observation  that  marsh-gas  may  be  produced  by  a 
ermcntation  of  carbohydrates,  but  especially  of  cellulose  (Tappeixer  !). 
uch  an  origin  of  marsh-gas,  especially  in  herbivora,  is  to  be  exp< 
A  small  part  of  the  marsh-gas  and  onfaoo  dioxide  may  also  depend  on 
the  decomposition  of  lecithin  (IIaskhhokk  3). 

Putrefaction  in  the  intestine  not  only  depends  upon  the  composition  of 
the  food,  but  also  upon  the  albuminous  secretions  ami  the  bile.  Among 
the  constituents  of  bile  which  U6  changed  ordecomp<  s<  d  there  arc  rail  only 
the  pigments — the  bilirubin  yields  urobilin  and  a  brown  pigment — but  also 
the  bile-uci<Ls.  especially  taurochulic  acid.  til-,  ooi  h"lic  acid  is  more  stable, 
and  a  part  is  found  unchanged  in  the  excrement  of  certain  animals,  while 
taurocholic  acid  is  so  completely  decomposed  that  it  is  entirely  absc 
the  ffcces.  In  the  frptus,  on  the  con t ran,',  in  whose  intestinal  tract  no  putre- 
faction processes  occur,  undceomposed  bile-acids  and  bile-pigments  are 
found  in  the  contents  of  the  intestine.  The  transformation  of  bilirubin  into 
urobilin  does  not  occur,  as  previously  stated,  in  man  in  the  small  but  in  the 
large  intestine. 

That  the  secretions  rich  in  proteids  are  destroyed  in  putrefaction  in  the 

intes  ws  from  the  fact  that  putrefaction  may  also  continue  during 

complete  fasting.     From  the  observations  of  Miller "  upon  Cetti  it  was 

ound  that  the  elimination  of  indican  during  starvation  rapi  i cased 

and  after  the  third  day  of  starvation  it  had  entirely  disappeared,  while  the 

jlunul  elimination,  which  at  first  decreased  so  that  it  was  nearly  minimum, 

again  from  the  fifth  day  of  starvation,  and  on  the  eighth  or  D 

•  it  w;is  three  to  BOTCH  time,-  as  much  M  in  man  under  ordinary  circum- 
stances. In  dogs,  on  the  contrary,  the  elimination  ,,f  indican  during 
starvation  is  considerable,  but  tin-  phenol  elimination  is  slight.  Among 
the  secretions  winch  undergo  putrefaction  in  the  intestine,  the  pancreatic 
juice,  which  putrefies  must  readily,  takes  first  place. 

From  the  foregoing  facts  it  must  be  concluded  that  the  products  formed 
by  the  putrefaction  in  the  into  tine  are  IE  part  the  same  as  those  formed  in 
digestion.  The  putrefaction  may  be  of  benefit  to  the  organism  in  so  far  as 
the  formation  of  such  products  as  proteoses,  peptones,  and  perhaps  also 
certain  amino  acids  is  concerned.  The  question  has  indeed  been  a 
(Pasteur),  is  digestion  possible  without  micro-organisms?  Nchal  and 
Thierfeldkr  have  shown  that  guinea-pigs  removed  from  the  uterus  of  the 
mother  by  Casarian  section  could  with  sterile  air  digest  well  and  assimilate 
sterile  food  (milk  or  crackers)  in  the  complete  absence  of  bacteria  in  the 
ne,   and  grew  perfectly  normal  and  increased  in  weight.     Sciiot- 


1  Zdtsch.  f.  Bidogie,  20  and  24. 
»Zeit*chr.  f.  physiol.  Chem..  12. 
»  Berlin,  klin.  Wochcnachr.,  1887. 
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telics  *  has   arrived  at  other  results  by  experiments  with  hens.    The 
animal  was  hatched  under  sterile  conditions  and  was  kept  in  sterile  rooms 
and  fed  with  sterile  food,  but  had  continuous  hunger  and  ate  abuniL 
but  soon  died  in  about  the  same  time  as  a  starving  animal.     On  n. 
with  the  food  at  the  proper  time  a  variety  of  bacteria  from  hen  fsece- 
animals  gained  weight  again  and  recovered. 

The  bacterial  action  in  the  intestinal  canal  is,  at  least  in  certain  cases, 
necessary,  and  it  acts  in  the  interest  of  the  organism.  T 
the  formation  of  further  cleavage  products,  be  a  loss  of  valuable  material 
to  the  organism,  and  it  is  therefore  important  that  putrefaction  in  tie 
intestine  is  kept  witliin  certain  limits.  If  an  animal  Ls  killed  while  diges- 
tion in  the  intestine  is  going  on,  the  contents  of  the  small  intestine  give 
out  a  peculiar  but  not  putrescent  odor.  Also  the  odor  of  the  contents  of 
the  large  intestine  is  far  less  offensive  than  a  putrefying  pancreas  infusion 
or  a  putrefying  mix  tun;  rich  in  protcid.     From  this  one  ma;.  that 

putrefaction  in  the  intestine  is  ordinarily  not  nearly  so  intense  as  01 
of  the  organism. 

It  seems  thus  to  be  provided,  under  physiological  conditions,  that 
putrefaction  shall  not  proeeeu  too  far,  and  the  factors  which  here  come 
under  consideration  are  probably  of  different  kinds.  Absorpti 
doubtedly  one  of  the  most  important  of  them,  and  it  has  been  prove]  ty 
actual  observation  that  the  putrefaction  increases,  as  a  rule,  as  the  ahearp- 
is  checked  and  fluid  masses  accumulate  in  the  intestine.  The  character 
of  the  food  also  has  an  unmistakable  influence,  an.l  it  1  if  a  Urge 

quantity  of  carbohydrates  in  the  food  acts  against  putrefaction  (HlBSCH* 
ler').    It  has  been  shown  by  Pom,,  Hiernacki,  Hovighi,  Wintkrmtx, 
and  Schmitz  and  others  a  that  milk  and  kephir  have  a  specially 
preventive  action  on  putrefaction.     This  action   is  not  due  to  the  C 
but  chiefly  to  the  lactose  ami  also  in  part  to  the  lactic  acid. 

A  specially  strong  preventive  action  on  putrefaction  has  been  ascribed 
for  a  long  time  to  the  liile.     This  anti-putrid  action  does  not  < 
or  faintly  alkaline  bile,  which  itself  1  a-ilv   putrefies,  but  to  the  fre< 
-.especially  taurocholic  acid  (Mai.v  and  BftOCH,  Iindherger  *).  There 
dB  that  the  free  bile-acids  have  a  strong  pj  lott** 

putrefaction  outside  of  the  organism,  and  it  is  therefore  difficult  to 
such   an  action   in   the  intestine.     Notwithstanding  this    the  ami-' 
:.  -I  1  In   bile  in  the  intestine  i-  not  considered  by  certain  in. 

1  Nuttal  and  Thierfelder,  Zeitachr.  f.  phyeiol.  (hem.,  HI  an.l 
f.  Hyio-  m  .  M  and  42. 

■  HincUor,  EtitMfar  f.  pbjnriol.  Cbem.,  10;  Zimnitzki,  ibid.,  3D  (literature). 

1  >.  hmif  .•,  ibid  ,  1".  101 ,  vrhich  gives  references  to  the  older  literature,  and  I 
also  Balko  itmlbl  f.  d.  med.  Whs.,  1808,  ffft,  and  Seelig,  Vtahoir'*  Arch.  11* 

•  Maly  and  Ernich,  MonaUhefte  f.  Cbem.,  4;   Lindberger,  foot-note  3,  p*\. 
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(Voit,  RfrniANN',  Hikschlkr  and  Terra y,  Lakoauer  and  Rosenberg1) 
as  of  the  greatest  importance. 

Biliary  fistula  have  been  established  so  as  to  study  the  importance  of 
the   bile  in  digestion  (Schwann,  Blondlot,  Bidder  and  & •mmidt,1  and 
BOB).    As  a  result  it  has  been  observed  that  with  fatty  foods  an  imper- 
fect absorption  of  fat   regularly  takes  place  and   the  excrements  cut  am, 
therefore,  an  excess  of  fat  and  have  a  light-gray  or  pale  color.     The  extent 
ion  from  the  normal  after  the  operation  is  essentially  dependent 
the  character  of  the  food.     If  an  animal  is  fed  on  meat  and  fat,  then 
[tiantity  of  food  must  be  considerably  increased  after  the  operation, 
otherwise  the  animal  will  become  very  thin,  and  indeed  die  with  symptoms 
In  these  otiofl  tin*  excrements  have  the  odor  of  rarrimi,  and 
this  was  considered  a  proof  of  the  action  of  the  bile  in  checking  pUtl 
tion.     The  emaciation  and  the  inOTOMOd  want  of  food  depend;  naturally. 
upon  the  imperfect  absorp  the  fats,  whose  high  calorific  vain.-  i. 

ad  muel  1h>  replaced  by  the  taking  up  of  larger  quantities  of  other 
nutritive  If  the  quantity  of  pri  nd  fats  be  increased,  then 

the  latter,  which  can  be  only  very  incompletely  absorbed,  accumulate 
in  the  intestine.  This  accumulation  of  the  fats  B  the  intestine  only 
rei  ■■  action  of  the  digestive  juices   on   pnrteids   more  difficult, 

anil   thus   increases    the  amount  of   putrefaction.      This  explains  the  ap- 
of  fetid       i        whose  pale  color  is   not  due  to  a  lack  of  bile- 
igmente,  but  to  a  surplus  of  fat  (Hohman.n,   Vbtfl).      If  the  animal  is. 
on  the  contrary,  fed  on  meat  and  carbohydrates,  it  may  remain  quite 
normal,  and  the  leading  off  of  the  bile  doa  not  cause  any  increased  putte- 

l.       The    carbohydrates    may    b<   uninterruptedly   absorbed    in   such 
quantities  that  they  replace-  the  fw\  of  the  food,  and  this  is  il 
shy  the  animi  eh  i  diet  does  not  become  emaciated.    As  with  bbla 

ion  in  the  intestine  b  no  greatei  than  under  normal  eon? 
diti  'i  though  the  bile  is  absent,  it  would  seem  that  the  bUe  in  the 

i  preventive  notion  on  putrefaction. 
tfiis  conclusion  the  objection  may  be  made  that  the  carbohydrates, 
tvhirh  are  capable  of  checking  putrefaction,  can,  so  to  speak,  undertake 
anti-putrid  action  of  the  bile.  Hut  as  there  are  also  cases  (in  dogs 
ili  biliary  fistula)  where  the  intestinal  putrefaction  is  not  increased  with 
exclusive  meat  diet,5  it.  is  maintained  that  the  absence  of  bile  in  the  intes- 
tine, even  by  exclusive  carbohydrate  food,  does  not  always  cause  an  in- 
creased putrefaction. 


1  Voit,  Beitr.  zur  Biologic,  Jubiliiunischrift,  Stuttgart,  1882;  Rohmann,  Pfliigcr'a 
Arch.,  29;  Hinschlcr  and  Terray,  Maly's  Jahnabcx.,  26;  Landauer,  Math.  u.  Natunr. 
Ber.  aus  Ungarn,  lo;  Rosi-nliiTg,  Arch    f    ;Ai  liysiol.,  1901. 

:  Schwann ,  Muller'a  Arch    f  l'hy.-,iul  ,  1814;  Blondlot,  cited  from  Bidder 

and  Schmidt.  Verdauiingssaftc,  do  ,  '.is. 

•  See  Hirechler  and  Terray,  I 
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Although  the  question  as  to  the  maimer  in  which  the  putrefactive 
processes  in  the  intestine  under  physiological  conditions  are  kept  a  ithxn 
certain  limits  cannot  be  answered  positively,  still  it  may  be  asserted  that 
the  acid  reaction  of  the  upper  porta  of  the  intestine,  and  the  alwsorption  of 
water  in  the  lower  parts,  are  import gaol   factors. 

That  the  acid  reaction  in  the  intestine  has  a  preventive  influent 
putrefactive  processes  follows  from  the  existing  relation  l>etweeu  the  di 
i.f  acidity  of  the  gastric  juice  and  the  putrefaction  in  the  intestine, 
the  investigations  and  observations  of  Kast,  Stadelmanv,  WabhutzDj 
Bierxacki  and  M ester  had  proved  that  an  increased  putrefaction  in  the 
intestine  occurred  when  the  quantity  of  hydrochloric  acid  in  the  gastric  juice 
was  diminished  or  deficient,  Schmitz  l  has  lately  shown  in  man  that  on 
the  administration  of  hydrochloric  acid,  producing  a  hyperacidity  of  the 
gastric  juice,  the  putrefaction  in  the  intestine  may  be  checked.  The  ques- 
tion arises  whether  the  reaction  in  the  small  intestine  is  always  acid  and 
whether  the  acidity  is  strong  enough  to  prevent  putrefaction.  In  this 
connection  it  must  be  recalled  that  the  contents  of  the  small  intestine  are  not 
acid  due  to  hydrochloric  acid,  but  chiefly  to  organic  acids,  acid  salts,  and 
free  carbon  dioxide.  There  are  sevpral  statements  as  to  the  reaction  of  the 
int.-tinal  contents,  although  they  are  somewhat  contradictory,  by  Moors 
and  Rockwood,  Moori:  and  BflBGOf,  Matthks  and  Marquardskn.  I.  Munk, 
Nencki  and  Zai.ksky,  Hkmmktkk.3  From  these  statements  one  can  con- 
t  the  reaction  may  vary  not  only  among  different  animals  but 
also  in  the  same  animals  under  different  conditions.    Ti  no  doubt 

that  the  acid  reaction  in  many  cases  is  due  to  the  presence  of  organic  acids. 
On  testing  with  various  indicators  it  has  been  shown  that  sometimes  the 
upper  part,  and  often  the  lower  parts,  are  acid  due  to  add  salts  such  as 
I  O,  and  free  CO,,  and  finally  that  in  certain  animals  the  Intestinal  con- 
tents are  alkaline  throughout.    The  question  how,  under  these  conditions, 
<  excluded,  cannot  be  explained.     It  is  possible,  as  Bum- 
rv  "  admits,  that  the  explanation  lies  in  an  antagonistic  bacterial  b 
and  that,  the  earl>ohvdrates,  especially  lactose,  which  retard  putrefaction, 
media  for  those  bacteria  which  destroy  the  putre- 
factive |  i  or  retard  their  development. 

Excrements.     It  is  evident  that  the  residue  whirh  remains  af 

n   and    absorption  in  the  intesine  must  be  different,  both 
qualitatively  and  quantitatively,  according  to  the  variety  and  quant i 


-chr.  f.  phyaioL  (."hem.,  IS,  401.  which  includes  all  the  pertinent  literature. 
*  Moore  and  Rockwood,  Jouru.  of  1  U;    Moore  and  Bergin.  Am.-r    Joan. 

of  Physiol ,  8;    Matthea  sad  Marquardscu,  Maly's  Jahrosber.,  28;  Monk,  Centralhl    f. 

sad  Zaleaky,  Z«t*chr.  f.  phy&iol.  Chenx,  27;  Hemmcter,  Pri 
Arch,  BL 

1  Arch  f   Hygiene,  29. 
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ood  In  man  the  quantity  of  excrement  from  a  mixed  diet  is  120-150 
grams,  with  30-37  grams  of  solids,  per  twenty-four  hours,  while  the  quantity 
flTMO  a  vegetable  diet,  according  to  Voit,'  was  333  grams,  with  To  grains 
of  solids.  With  ■  stri-tlv  meal  dial  the  excrements  are  scanty,  pit.  h-like, 
and  colored  nearly  black.    The  scanty  Ski  r< menta  in  starvation  have  a 

similar  appearance.    A  large  quantity  of  coarse  bread  yields  a  great  amount 
of  Ugbtroolored  excrement.     If  there  Is  a  large  proportion  of  fat,  it  takes  a 
I  ay- like  appearance.     The  flee.  mi;>< k siti  m  products  of  the  bile-pig- 
mentb  seem  to  play  only  a  small  part  in  the  normal  color  of  the  fa-ces. 

Tb  ents  of  the  fjeces  are  of  different  kinds.     In  the  excrements 

are  found  digji  talents  of  the  food,  such  as  muscle 

mnectave  tissues,  lumps  of  casein,  grains  of  starch,  and  fat,  which 
bad  sufficient  time  to  1m*  completely  digested  0?  absorbed  in  the 
I   tract,     In  addition  the  excrements  contain  indigestible  Uxlies, 
Bl  t ho  remains  of  plain.-.,  keratin  BUfast&Ofiet,  and  others;  also  form 
^mating  from  the  mucous  boat  and  the  glands;    roust  ituem 
the  different  secretions,  such  as  mucin,  cholie  acid,  dyslysin.  and  efa 

erin  or  Btercorin),  purin  bases,  and  enzymes;  minera]  bodies  of 

the  food  and  the  sec  -returns;    and.  lastly,  product-  of  put refaction  or  of  the 
ich  as-skatol.  indol,  volatile  fatty  acids,  puiriri  bases,  lime,    «ud 
magnesia  soa;  also,  pafBsiSflB  of  dim-nut  kinds  occur j  and 

the  excrements  contain  micro-organisms  of  various  species. 
it  the  mucous  membrane  of  the  ii  by  its  secretion  ami  by 

i   quantit  i  epithelium  contributes  essentia!' 

the  formation    of    excrement    follows    from    the    di-covery    first    mad, 

1.    Ukkmanv  and  substantiated  by  other  -  •  that  9  -  •  toted  loop  of 

ine  collects  material  similar  to  faeces.      Qui  dm  Beem  to  eoa 

En  greater  part  of  intestinal  ii  and  only  in  a  smaller  part  of  rr 

from  l  a  meat  or  milk  diet.     Many  foods  produce  a  large  quantity 

!v  by  causing  an  abundau  on.5 

The  u  of  the  excrements   i-   very   variable,  but  in  man  with  a 

I  diet  it  Is  neutral  or  faintly  alkaline.     It  Ls  often  add  in  the  inner 
e  outer  layera  in  contacl  with  the  mucous  coat  have  an  alka- 
In  nursing  infants  it  Is  habitually  acid.     The  odor  is  perhaps 
ie  to  skatol,  which  wae  first  found  in  thi 
and  so  named  by  him.     Indol  and  other  substances  also  take  part  in  the 


•  Zeitschr.  f.  Biologie.  2J».  264. 

'  Hermann,  Pfluger's  Arch.,  46.  See  alao  Ehrenthal,  ibid.,  4S;  Ilerenfttein,  ibid.. 
S3.    Kiwi-  I.  f.  Physiol..  7.  736,  and  F    Veil,  Zeitschr.  f.  Biologie,  29;    v 

Moracaewski,  Zeitschr  f   physiol    ' 'hero.,  25. 

1  In  mjjttd  to  UM  constitution  of  hvecs  with  various  foods  set-  Hntumeri,  Kermauner, 
Keellar,  juid  Prauenitis,  Zeitschr.  f.  Biologie,  35,  and  Poda,  Micko,  Prausniti  and 
MoUer.  Urid.,  39. 
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production  of  odor.  The  color  is  ordinarily  light  or  dark  brown,  and 
depends  above  all  upon  the  nature  of  the  food.  Medicinal  bodies  may 
give  the  faeces  an  abnormal  color.  The  excrements  are  colored  black  by 
i  .i -  ninth,  yellow  by  rhubarb,  and  green  by  calomel.  This  last-mentioned 
color  was  formerly  accounted  for  by  the  formation  of  a  little  mercury 
sulphide,  but  now  it  is  said  that  calomel  checks  the  putrefaction  and  the 
decomposition  of  the  bile-pigments,  so  ihat  a  part  of  the  Idle-pigmente 
passes  into  the  fjeces  as  biliverdin.  According  to  Lksage  a  green  color 
of  the  excrements  in  children  B)  caused  partly  by  biliverdin  and  partly  by 
a  pigment  produced  from  a  bacillus.  In  the  yolk-yellow  or  greenish-yellow 
excrements  of  nursing  infants  one  can  detect  bilirubin.  Neither  bilirubin 
nor  biliverdin  seems  to  exist  in  the  ments  of  mature  person* 

normal  conditions.     On  the  contrary,  there  is  found  BTEHOOBtUN  iM 
and  VanlaXr),  which  is  identical  with  urobilin  (Jaff£  l).     Bilirubin  may 
occur  in  pathological  cases  in  the  fieces  of  mature  persons.     It  has  been 
observed  in  a  crystallized  state  (as  hiematoidin)   in  the 
as  well  as  of  grown  | 

The  absence  of  bile  (acholic   fares)  causes   the  excrements  to  have.  W 

above  stated,  i  gray  color,  due  to  large  quantities  of  fat;  thie  may  how 
\h>  partly  attributed  to  the  absence  ol  bill  -pigments.     In  these  cases  a 
quantity  of  crystals  has  been  observed  which  consist  chiefly  i>f  m 
Soaps  or  sodinm  soaps.     Hemorrhage  in  the  upper  parts  of  the  0% 
tract  yields,  when  it  is  not  very  abundant,  a  dark-brown  i 
to  Eusmatin. 

Kmukiin.  so  named    by  Mahout,1  is  a  crystalline  body  occurring  in  hunun 
excrement,    but    which,   according    to    IIoppk-Sf.yi.f.11,    is    perhaps    only  i ropur* 

nil    (koprosterin   or   BtercorinT)        EbcCRBTOUG    USD    i^    ' 
by  M  U  '  13  i  to  SB  oily  body  with  an  excrement  itious  odor. 

In  Bonsideratioi)  of  the  very  variable  composition  of  excrement 
quan:  malyses  are  of  little  value  and  therefore  will  be  omi 

Meconium  fa  a  dark  brownish-green,  pitchy,  mostly  acid  mass 
strong  odor.    It  contains  greenish-colored  epithelium  cells,  ce 
numerous    fat-globules,   and    cholesferin    plates.      The    amount    of   **,cr 
IB   730  900   and  '110-280  p.m.     Among  the  solids  (here  e\i 

bile-pigments,   and  bile-acids,   cholesterin,  fat,  soaps,  traces    of  em. 
calcium    and    magne-ium    phosphates.      Sugar   and    lactic    aci 
prot  SB  and  peptones,  also  leucin  and    ivrosin  and  i  pr> 

ducts  of  putrefaction  occurring  in  the  intestine,  are   absent,      tfeee 

•  pigments.  Chapter  VIII,  and  uroi>iliti,  Chapter  XV 

1  AtiTi.il.  dfl  Chiin.  et  de  phya.,  a9. 

*  In  regard  to  three  analyses  as  well  as  under  abnormal  condition*  and  t) 
ture,  see  Ad.  Schmidt  and  J.  Straasburger,  Die  Fiecea  dea  Menschen,  eta     BtfUa. 
1901  and  1902. 
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may  contain  undecomposed  taurocholic  acid,  bilirubin  and  biliverdin,  but 
it  does  not  contain  any  stercobilin,  which  is  considered  as  proof  of  the 
non-existence  of  putrefactive  p.oce.ses  in  the  digestive  tract  of  the  foetus. 

In  medico-legal  cases  it  is  sometimes  necessary  to  decide  whether  spots 
on  linen  or  other  substances  are  caused  by  meconium.  In  such  cases  the 
following  conditions  exist:  The  spot  caused  by  meconium  has  a  brown- 
ish-green color  and  can  be  easily  separated  from  the  material  because,  on 
account  of  the  ropy  property  of  the  meconium,  it  is  difficult  to  wet  through. 
When  moistened  with  water  it  does  not  develop  any  special  odor,  but  on 
warming  with  dilute  sulphuric  acid  it  smells  somewhat  fetid.  It  forms 
with  water  a  slimy,  greenish-yellow  liquid  containing  brown  flakes.  The 
solution  gives  with  an  excess  of  acetic  acid  an  insoluble  precipitate  of 
mucin;  on  boiling  it  does  not  coagulate.  The  filtered,  watery  extract 
responds  to  Gmelin's,  but  still  better  to  Huppert's  reaction  for  bile-pig- 
ments. The  liquid  precipitated  by  an  excess  of  milk  of  lime  gives  a  nearly 
colorless  nitrate,  which  after  concentration  shows  Pettenkofer's  reaction. 

The  contents  of  the  intestine  under  abnormal  conditions  are  perhaps  less  the 
subject  of  chemical  analysis  than  of  an  inspection  and  microscopical  investiga- 
tion or  bacteriological  examination.  On  this  account  the  question  as  to  the 
properties  of  the  contents  of  the  intestine  in  different  diseases  cannot  be  thor- 
oughly treated  here.1 

Appendix. 

INTESTINAL  CONCREMENTS. 

Calculi  occur  very  seldom  in  human  intestine  or  in  the  intestine  of 
carnivora,  but  they  are  quite  common  in  herbivora.  Foreign  bodies  or 
undigested  residues  of  food  may,  when  for  some  reason  or  other  they  are 
retained  in  the  intestine  for  some  time,  become  incrusted  with  salts,  espe- 
cially ammonium-magnesium  phosphate  or  magnesium  phosphate,  and 
these  salts  form  usually  the  chief  constituent  of  the  concrements.  In  man 
they  are  sometimes  oval  or  round,  yellow,  yellowish  gray,  or  brownish  gray, 
of  variable  size,  consisting  of  concentric  layers  and  containing  chiefly 
ammonium-magnesium  phosphate,  calcium  phosphate,  besides  a  small  quan- 
tity of  fat  or  pigment.  The  nucleus  ordinarily  consists  of  some  foreign 
body,  such  as  the  stone  of  a  fruit,  a  fragment  of  bone,  or  something  similar. 
In  those  countries  where  bread  made  from  oat-bran  is  an  important  food, 
we  often  find  in  the  large  intestine  balls  similar  to  the  so-called  hair-balls 
( ee  below).  Such  calculi  contain  calcium  and  magnesium  phosphate 
(about  70  per  cent),  oat-bran  (15-18  per  cent),  soaps  and  fat  (about  10 
per  cent).  Concretions  which  contain  very  much  (about  74  per  cent)  fat 
seldom  occur,  and  those  consisting  of  fibrin  clots,  sinews,  or  pieces  of  meat 
incrusted  with  phosphates  are  also  rare. 

Intestinal  calculi  often  occur  in  animals,  especially  in  horses  fed  on 
bran.    These  calculi,  which  attain  a  very  large  size,  are  hard  and  heavy 

1  See  foot-note  3,  page  342. 
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(as  much  as  8  kilos)  and  consist  in  great  part  of  concentric  layers  of  ammo- 
nium-magnesium phosphate.  Another  variety  of  concrements  which  occur 
in  horses  and  cattle  consists  of  gray-colored,  often  very  large,  but  relatively 
light  stones  which  contain  plant  residues  and  earthy  phosphates.  Stones 
of  a  third  variety  are  sometimes  cylindrical,  sometimes  spherical,  smooth, 
BhiniHg,  brownish  on  the  surface,  consisting  of  matted  hairs  and  : 
fibres,  and  termed  hmr-}>alh.  The  so-called  ".egagropilae,"  which  prob- 
ably originate  from  the  antilopus  rupicapra,  belong  to  this  group,  and 
are  generally  considered  as  nothing  else  than  the  hair-balls  < 

The  so-called  oriental  bezoarstone  belongs  also  to  the  intestinal  cowre- 
ments,  and  probably  originates  from  the  intestinal  tract  of  the  capsa 
jEGagrus  and  antilopk  DOBCAS.     There  may  exist  two  varieties  of  beio&r- 
stoncs.     One  is  olive-green,  faintly  shining  and  formed  of  concentric  b 
On  heating  it  melts  with  the  development  of  an  i  odor.    It  con- 

tains as  chief  constituent  lithofellic  acid,  C30H„  i  is  related  to 

cholic  acid,  and  besides  this  a  bile-acid,  UTBOBILIC  ACTD.  The  others  are 
nearly  blackish  brown  or  dark  green,  very  glossy,  ft 
layers,  and  do  not  melt  on  heating.  They  contain  ae  chief  COQStitlMOt 
BLLAOXC  Aun,  a  derivative  of  gallic  acid,  of  the  formula  CU1I91>,.  which. 
according  to  Grakbk,'  is  the  dilactonc  of  hexaoxybiphcnyldicarbonic  acid 
and  which  gives  a  decp-hlue  color  with  an  alcoholic  solution  of  ferric  chlo- 
ride. This  last-mentioned  bezuar-stone  originates,  to  all  appears 
i  the  food  of  the  animal. 


•  'irrgria  is  generally   considered  an  intestinal  concrement  of  the  sperm- 
whale     It^  chief  constituent  is  amhkun,  which  is  a  non-nitrogenous  suhstanw 
Ei -rh:i|is  related  i<>  cholcstrrin.     An  insoluble  i  md  is  not  canned 

y  lioiling  alkalies.     It  dissolves  in  alcohol,  ether,  and  oils. 


VI.  Absorption. 


■  MBp 


The  problem  of  digestion  consists  in  part  in  separating  the  valuable  con- 
stituents of  the  food  bom  lln  useless  ones  and  dissolving  or  transforming 
them  into  forms  which  are  necessary  in  the  processes  of  absorption.   1" 

ussing  the  uhsorption  processes  we  must  treat  of  the  form  i 
the  different  foods  are  ti  -I   before  absorption,  of  the  rnar- 

which  this  is  accomplished,  and,  lastly,  of  the  forces  which  act  in  these 
processes. 

Proteids  may  not  only  be  absorbed  from  the  intestine  as  proteoses  and 
pepta&efl,  but  also,  as  shown  by  the  earlier  investigations  of  Rrucke,  RaceR 
and  Voit.  En ■hhorst,  Czerxv  and  Latschenbsbobb,  and  recently  bj 
Voit  and  Frif.im.andkr,5  as  aoa-peptonised  proteid.     In  the  research* 

1  Her  d.  d  flu  in  :!«. 

■B  BS    Steungsbor.,  59;    Bauer  and  Voit,  'Mtschx.  f.  Biologie,  5;  Edr 

borst.  Pflftgtr*!  Arch  ,  4;  Czemy  and  I.atschenberger,  Virchow'i  Arch.,  69;  Voit  ind 
Friedlamlrr,  Zeitschr.  f.  Biologie,  33. 
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the  two  last-mentioned  investigators  neither  casein  (as  milk)  nor  hydro- 
ui,  nor  acid  albuminate  (>  lution)  was  absorbed, 

while,  on  the  contrary,  about  21  per  cent  of  ovalbumin  or  seralbumin  and 
60  per  cent  of  alkali  albuminate  (dissolved  in  alkali)  were  absorbed.     The 
proteids  of  the  thymus  gland  (nuoleoproteids)  arc,  According  to  IfooRO 
absorbed  well  after  in  i  into  the  rectum.     Under  these  conditions 

the  question  arises,  To  what  extenl  an-  the  proteids  absorbed  as  peptone  or 
proteoses  or  inothei 

This  question  cannot  be  decisively  answered.    The  observations  made 

II  investigators,  Schmidt-'  (on  dogs),  Eu.kmikhukk  ami 

tkistkk  (on  pigs),  Ewald  and  ( li no  tCH  (on  man),  as  Ls  to  be  expected, 

are  contradictor}-.     A  part  of  the  digested  products  arc  absorbed  in  the 

stomach,  in  which  organ,  according  to  Scmmyv-lfl  i.umm,  the  absorption 

and  digestion  run  parallel  and  the  dissolved  products  leave  the  stomach 

more  or  less  rapidly  and  pass  into  the  intestine,  where  they  are  exposed  to 

a  further  cleavage.    A  to  the  recent  investigations  of  EL  Zi  \z  and 

Reach  *  chiefly  proteoses  and  little  of  the  further- removed  digestive  prod- 

ire  formed  in  the  stomach  of  the  dog.    These  last  products  are  more 

readily  absorbed  than  the  proteoses  and  for  thi-  reason  the  chid  quantity 

of  dissolved  proteids  in  the  stomach  consists  of  proteoses. 

In  what  way  are  the  proteoses  and  peptones  absorbed,  and  how  are  they 
conveyed  to  the  tissues?    The  generally  accepted  view  is  that  tin 
pass  into  the  blood  through  the  lymphatics,  but  through  the  intestinal 
epithelium,  and  this  view  is  based  essentially  on  the  two  following  conditions. 
On  completely  isolating  the  chyle  from  the  blood  circulation,  the  p) 
absorption  from  the  intestine  is  not  impaired   (LuDWEG   end  S<  umidt- 
>ki\i);  and  on  a  diet  rich  in  proteid  the  quantity  thereof  in  the  chyle 
(in  man)  was  not  noticeably  increased  (Mink  and  RosHNBTBIN).     A 
and  BabbAha  *  have  recently,  it  is  true,  shown  in  experinn  dog 

that  the  quantity  of  proteid  in  the  lymph  was  a  little  increased  after  par- 
taking of  an  abundance  of  proteid.  This  experiment  does  not  disprove  the 
assertion  of  Ml  od-vessels  form  nearly  the  exclusive  exit  of 

the  proteids  from  the  intestinal  tract. 

After  a  diet  rich  in  proteids  neither  proteoses  nor  peptone  are  found 
in  the  blood  or  the  chyle.     Nor  are  they  present  in  the  urine;   and  the 


1  MaIv's  Jfthri*sber  ,  .11,  517.  In  regard  to  the  absorption  of  gelatine  in  the  intes- 
tine see  Reach,  Pfiuger'a  Arch.,  NO. 

*  Schmidt-Mulhiim,  Uu  Boia-Reymond '«  Arch.,  1870;  BDtnbaiger  and  Hofmeistcr, 
ibid.,  1890;  Ewald  and  Gurulich,  Berlin.  klin.  Wochnnschr ..  1890;  E.  Zunis,  Hof- 
meister's  Beit  rage,  3;  Reach,  ibid.,  5. 

■  Schmidt-Mulheim.  Du  Bois-Iteymond 's  Arch,  1877;  Munk  and  Roeenstein,  VTr- 
cbow'e  Arch.,  123;  Asher  and  Barbera,  Centralbl.  f.  Physiol.,  11,  tOBj  Munk,  ibid., 
11.  585.     See  alao  Mendel,  Amer.  Journ.  Physiol.,  2. 
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absence  of  those  bodies  in  the  b'ood  after  digestion  cannot  be  explained 
the  statement  that  they,  like  the  proteoses  (peptone)  injected  subcutane- 
ously  or  directly  into  the  blood,  are  quickly  eliminated  through  the  kidneys 
(Plosz  and  CiVKkgiai.  EEoi •mmstkk,  SaiMiin-Mi  :jilim  *),  It  might  be 
supposed  that,  the  proteoses  (peptone)  formed  in  digestion  are  retained  I 
the  liver,  and  that  Ibis  is  the  IttBOOO  why  they  are  not  found  in  the  blood. 
This  explanation  does  not  seem  to  be  sufficient.  Xlumj .istf.r  has  inves- 
tigated the  portal  blood  of  rabbits  in  whose  stomachs  bugs  quantities  of 
proteoses  and  peptone  had  been  introduced,  without  finding  traces  of  the 
body  in  Ho  has  :ils<>  shown  that  when  the  liver  of  a  dog  is  sup- 

plied with  the  portal-Mood  to  which  peptone  IB  added  (ampho-peptone),  this 
is  not  retained  by  the  liver.  Shore  has  arrived  at  similar  results  in  regard 
to  the  importance  of  the  liver,  and  has  also  shown  that  th 
transform  peptone.  Peptone  seems  to  pass  neither  into  the  blood  nor  the 
chylous  vessels,  and  the  following  observation  of  Ludwig  and  Salvioli  ' 
bears  out  this  a-  i.     These  investigators  introduced  a  peptone  solu- 

tion into  a  double-ligatured,  Isolated  piece  of  the  small  intestine,  which 
was  kept  alive  by  passing  defibrinated  blood  through  it,  and  observed  that 
the  peptone  disappeared  from  the  intestine,  but  that  the  blood  passing 
through  did  in  any  {>eptone. 

It  must  be  remarked  in  connection  with  this  view  that,  according 
Embdkn  and  Kxoop,"  proteoses  sometimes  occur  in  the  blood  of 
although  thus  far  no  connection  has  been  detected  between  their  occurren* 
and  the  absorption  of  protrid  in   the  intestine.     This  occurrence  of  pi 
teoses  in  the  blood  is  not  contradictory  to  the  view  that  the  chief  quantil 
of  proteoses  does  not  pass  from  the  intestine  into  the  blood,  as  such. 

Many  observations  indicate  that  the  proteoses  and  peptone  are 
formed  in  someway  in  the  intestine  nr  intestinal  wall,  and  a  retransfc 
tion  of  proteoses  into  proteid  is  considered  as  the  most  plausible. 

i in    Kivi^titMtors.  mi  (rvr,  Namne  Popoff,  and 

Brinck,4  are  of  the  opinion  that  the  proteoses  and  peptone  of  gasti 
digestion  are  transformed  into  seralbumin  before  they  pass  into  the  walk 
the  digestive  tract.    This  transformation  is  brought  about  by  means 
epithelium  cells,  as  also  by  the  living  activity  of  a  fungus  <  Julia 

BniKCE  micrococcus  restUuens.  No  positive  proofs  have  been  presented  to 
support  this  l 

*  Plosx  and  Gyergyni,  Pfluger's  Arch  ,  10;    HofmcUter,  Zeitschr.  I.  pbysioL  Cbem., 

I>u  Ii«i^  s  Arch..  1880. 

'  Npumeister,  Sitxungabcr  <l  phys  -raed.  Gemllsch.  su  Wurxbuqj,  1880,  and  Zeitschr. 
-      -I  II,  Salviott,  Du  Bo'u-Roymond '•  Arch.,  j 

Supi-I 

•  Bofraewter's  Bcitr&s*,  3 

rh»  Bow-Rtymond'*  Arch.,  1883;  Popoff,  Zeitachr.  f.  BiologM,  », 
**!..  453. 
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The  view  that  the  transformation  of  the  proteoses  and  peptone  takes 
place  after  they  liave  been  taken  up  by  tin:  nmooilfl  OMBBlmiM  has  better 
foundation.  The  observations  of  Hofmeister,1  according  to  whom  the 
walls  of  the  stomach  and  the  intestine  are  the  oulv  parts  of  the  body  in 
which  proteoses  (peptone)  occur  constantly  during  digestion,  and  also 
that  proteoses  (peptone)  at  the  temperature  of  the  body  after  a  time  dis- 
appeared from  the  excised  but  appatv:itl\  still  living  mucous  coat  of  the 
stomach,  confirm  this, 

This  disappearance  of  proteoses  is  considered  by  Hofmeister  as  a 
transformation  into  ordinary  proteid.  For  such  a  transformation  of  pro- 
teoses in  the  mucosa  of  the  stomach.  G&aBBBHSR  7  has  suggested  new  ex- 
perimental evidence,  while  the  Hofmeister  school  (Embden  and  Knoo?) 
consider  the  regeneration  of  peptone  into  coagulable  protcid  in  the  intes- 
tine M  not  proven. 

According  to  Hofmeister  the  leucocytes,  which  are  increased  during 
digestion,  play  an  important  part  in  the  transformation  of  the  proteoses 
and  peptones.  They  may  take  up  the  proteoses  (peptone)  and  be  the 
means  of  transporting  them  to  the  blood,  and  secondly  by  their  growth, 
regeneration,  and  increase  may  stand  in  cloBe  relationship  to  the  trans- 
formation and  assimilation  of  the  bodies.  Heideniiaiv.  who  considers  that 
the  transformation  of  peptone  into  proteid  in  the  DBB60UI  membrane  is 
positively  settled ,  does  not  attribute  so  great  an  importance  to  the  leuco- 
in  the  absorption  of  the  peptones,  chiefly  on  tin-  ground  «»f  compara- 
tive estimation  of  the  quantity  of  absorbed  peptones  and  leucocytes.  He 
considers  it  as  more  probable  that  the  reconversion  of  the  peptones  into 
proteid  takes  place  m  the  epithelium  layers.  Tliis  view  is  further  corrobo- 
rated by  the  investigations  of  Shore.3 

On  account  of  the  discovery  of  eropsin  by  Cohnhkim  the  theory  as  to 
the  absorption  of  proteids  has  taken  another  direction.  There  seems  to 
"be  a  CJ    to  lean  towards  the  view    liiat   the  proteoses  and  peptones 

are  split  in  the  intestine,  or  in  the  intestinal  mucosa,  into  simpler  bodies 
h  do  not  give  the  biun-t  u  I  and  from  which  the  proteids  are  regen- 
erated. The  question  whether  the  active  agents  are  srspui  m'oiimikim) 
or  trypsin  i'm-.kmann  and  Kitscher)  is  only  of  secondary  importance,  as 
both  of  these  enz  it  the  proteoses  and  peptones  alike.     Acc«>i 

od  K-NOOr  *  til'  ml  Willi  ■  vpxill 

cannot  cause  the  disappearance  of  bodies  giving  the  biuret  test. 

i  investigations  of  the  Hofmeister  school  on  pepsin  diges- 


1  Zeitschr.  f   physio]    Cham  .  0,  and  Arch.  f.  exp.  Path.  u.  I'hann  ,  111,  20.  and  22. 

5  Bobndster'i  Beftrtge,  1 

I.  ir  ,  1'  I    m  :  h  Arch.,  43;  Shore,  1.  c, 
*  O.  Cohnheim,  Ztutachr.  f.  physiol.  Chetn.,  33,  35,  30;  Kutschcr  and  Secmann,  ibid., 
84. 35;  Embden  and  Knoop,  1.  c. 
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tion,  and  of  Fischer  and  Abderhai.ui.\  on  trypsin  digestion  (see  Chapter II), 
the  disappearance  of  the  biuret  test  does  not  indicate  a  cleavage  of  the 
proteids  into  amino-acids,  since  pep  to  ids  or  polypeptides  occur;  conseqi 
it  is  for  the  present  not  possible  to  say  to  what  extent  the  proteids  are 
broken  down  in  the  intestinal  canal,  and  how  far  the  proteids  are  absented 
as  proteoses  or  peptones  or  as  simpler  products.    Although  there  ar 
f ceding  experiments  of  LOSWI  '  with  the  prodnete  of  the  auto-digest 
the  pancreas,  one  rannot.  say  anything  definite  as  to  the  supposed  proteid 
synthesis  from  the  absorbable  products  (those  not  giving  the  biuret  r 
the  proteid  cleavage  in  the  intestinal  canal     It  must  not  be  forgotten  that 
according  to  Nencki  and  Zallski     large  amounts  of  ammonia  are  formed 
from  the  cleavage  products  of  the  protaidl  in  the  intestinal  tract  during 
*  ion. 

The  extent  of  the  proteid  absorption  is  dependent  essentially  upon 
land  of  food  introduced,  since  as  ■  rule  the  protein  substances  from  an 
animal  source  are  much  more  completely  absorbed  than  from  a  vegetable 
source.     As  proof  of  this  the  following  observations  arc  given!  In  his  experi- 
ments mi  the  utilization  of  certain  foods  in  the  intestinal  canal  of  man  Rub- 
ner  found  that  with  an  altogether  animal  diet,  on  partaking  of  an  avenge 
of  73S-SS4  grams  of  fried  meat  or  948  grams  of  eggs  per  day,  the  nitrogen 
deficit  with  the  excrement  was  only  2.5-2.8  per  cent  of  the  total  introduced 
nitrogen.     With  a  strict  milk  diet  the  results  wore  somewhat  unfavorable, 
■fatce  after  partaking  of  4100  grams  of  milk  the  nitrogen  deficit  increased 
txi  12  per  cent.     The  conditions  arc  quite  different  with  vegetable  food,  as 
shown    by    the  experiments  of  Mkykr,  RUBNBB,  ITultokkn    and    Lavper- 

luu.N,  who  made  experiments  with  various  kinds  of  rye  bread  and  found  that 
the  Iom  of  nitrogen  througn  the  faeces  amounted  to  i'2  48  per  cent.    Ex- 
periments with  other  vegetable  foods,  and  also  the  investigation- 
TEE  Mom,*  and  others  on  the  utilization  of  foods  with 

mixed  diets,  have  led  to  similar  results.     With  the  exception  of  rice,  wb 
bre.'i'l  and  certain  wry  finely  divided  vegetable  foods,  it  is  found  in  general 
en  deficit  by  the  faeces  increases  with  a  larger  quantity  of 
vegetable  material  in  the  food. 

The  reason  tor  this  is  manifold.    The  large  quantity  of  cellulose  frequer 
present  in  vegetable  foods  impedes  the  absorption  of  proteids.     The  greater 
Irritation  produced  by  the  vegetable  food  itself  or  by  the  organic  acids 

1  Loom,  Arch.  f.  exp.  Path.  u.  Pharm.,  4S.     See  also  Ileuderaon  and  Dean,  Araer. 
Jouru.  of  Physiol.,  9. 

'Arch.  d.  scienc.  Mot,  dfe  SI    Pi  iinsbourg,  4;  Salaskin,  Zeitachr.  f.  phyaioL  Chem., 
2S;  Nencki  and  Zaleaki,  Arch.  f.  exp.  Path.  u.  Pharm..  37. 

1  RulmiT,  Kaftan  Dr.  f.  Biologic,  IS;    Meyer,  ibid.,  7;    Hultgren  and  Landergren. 
Nord.  mod.  Arch.,  21;   Schuster,  in  Voit's  "Unterauch.  d.  Scat,"  etc.,  H2;   Cramer, 
Zeitachr.  f.  phyaioL  Chem.,  6;  Meinert,  "  L'eber  Massennahrung, "  Berlin,  1885;    K* 
ner  and  Mori,  Zeitschr.  f.  Biologic.  2."». 
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formed  in  the  fermentation  in  the  intestinal  canal  causes  a  more  violent 
peristalsis,  which  drives  the  contents  of  the  intestine  faster  than  otherwise 
■long  the  intestinal  canal.  Another  and  most  important  reason  Eg  the 
fact  that  a  part  of  the  vegetable  protein  substances  seem:-  mdi 

gestible. 

In  speaking  of  the  function*  of  the  stomach  we  stated  that  after  the 
removal  or  excision  of  this  organ  an  abundant  digestion  and  absorpti 

ids  may  take  place.     It  is  then-fore  of  intertrst  to  learn  b  'iges- 

tion  and  absorption  of  proteids  go  00  after  the  ion  of  t! 

id-digesting  organ,  the  pancreas.     In  this  connection  there  are  the 
observations  on  animals  after  complete  or  partial  extiqiation  of  the  gland 

,  .s.wdmkvkk,  v.  Harley,  after  destroying 
BO,  end  also  in  man  after  closing  the  pancreatic  duct 
by  BasLEY,  DSCCHBB  '     In  all  these  different  cases  such  discrepant  figures 
bean  obtained  for  the  utilization  of  the  proteids — between  80  per 
after  the  apparently  complete  exclusion  of  pancreatic  juice  in  man 
CHKB)    and    IS   per   cent   after   extirpation   of   the  gland    in    dogs 
(Uakli.y.i— that  one  can  hardly  draw  any  clear  oo  i  as  to  the  extent 

00  of  the  trypsin  digestion  in  the  inte>tine. 
The  carbohydratea  are,  it  seems,  rhiriiv  absorbed  as  monoeeecharidfle. 
rose,  Uevulose,  and  galactose  are  probably  absorbed  as  such.    The  two 
disaccharides,  saccharose-  and  maltose,  ordinarily  undergo  an  inv.-rsi<»n  in 
i  and  ars  converted  into  dextrose  and  kevulose. 
i   least  in  certain  animals,  invened  in  the  inte-tim-.     In  other 
rs  animals,  oo  the  contrary,  if  the  lactase  formation  is  not  excited  by 
milk  Food,  ii  is  not  inverted  or  only  to  a  slight  extent  (Vorr  and  Ll 
Weixl.wd,  POBTISB,  Kohmkvv  and  \  lOoHO),  and  it  probably  is  absorbed 
:  these  annuals  if  H  does  not  undergo  fermentation,  or,  as  Roh- 
mvw  and  Nagano3  considered,  if  it  is  not  fcm&sformsd  in  the  intestinal 
me  unknown  way.     An  absorption  of  non-inverted  carlx>- 
ates  is  not  improbable,  and  according  to  Otto  and  v.  Mi:kix<;s  the 
portal  blood  contains  besides  dextrose  a  dextrin-like  carbohydrate 
a  oarbohydrata  diet     A  part  of  the  oariiohydrates  is  destroyed  by  fermen- 
i  in  the  intestine,  with  the  formation  of  lactic  and  acetic  acids  and 
other  bodies. 

The  different  varieties  of  sugars  arc  absorbed  with  varying  degrees  of 

1  Abelmann.  "Ueber  dio  AusnuUung  der  N'ahrungmtofTe  nach  Pankreaacxstirpa- 
tion"  (Inaug.-Difl8crt.  Dorpsvt.  1890),  cited  from  Maly's  JshTlwbW.,  20;  Suidmeycr, 
Zeitschr.  f.  Biologic.  31;  Roscnbsfg,  Pfliiger's  Arch.,  70;  EUlfey,  Jmirn.  of  Pathol, 
and  Bactcriol.,  ISO.'i,  Bencher.  Oomapand  Blatt.  f.  Schweiz  tarsia,  28. 

'  V  unk,  Zeittchr  f.  Biologic,  28;    ltohmann  and  Nagano,  Pfliiger's  Arch., 

$5,  which  contain*  the  references  to  the  liters' 

■to,  aee  Maly's  Jahreabcr.,  17;  v.  Mering,  Dxx  Bois-Itcymond  'a  Arch  ,  1877. 
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rapidity,   but   as  a  general    thing  absorption   (MAUN   very   quickly.    This 
absorption  takes  place  quicker  in  the  upper  part  of  the  intestine  than  the 

i  part  (Rohmann,  I.annois  and  I.kimvi.,  IJohmwv  and  N 
It  is  generally  admitted  that  the  simpler  sugars  are  more  quickly 
than  the  disaccharides,  while  the  statements  as  to  the  absorption  of  tl» 
disaccharides  differ  somewhat  (H6i>on,  Alukktoni.  Houkr.  Wwv 
RED,  Rohmann  and  Nagano).  There  seems  to  be  no  doubt  but  Hat 
lactose  is  absorbed  slower  than  the  two  other  disaccharides.  According  to 
the  extensive  experiments  of  Rohmann  and  Nagano  saccharose  is  ab- 
sorbed quicker  than  maltose.  Xa<;ano  l  contends  that  the  pentoses  are 
absorbed  glower  than  the  hexoses. 

Qn  the  introduction  of  starch  even  in  very'  considerable  quantities  into 
the  intestinal  tract  no  dextrose  passes  into  the  urine,  which  probab!; 
pends  in  this  case  upon  the  absorption  and  assimilation  and  the  slow  mc* 
'•lmriiicatior,  taking  place  simultaneously.  If,  on  the  contrary,  largequai 
of  sugar  are  introduced  at  one  time,  then  an  elimination  of  sugar  by  the 
urine  takes  place,  and  this  elimination  of  sugar  is  called  alimeniary  gtyro- 
8uria.    In  these  cases  the  assimilation  of  the  sugar  and  the  absorpti* 
not  occur  at  the  same  time,  hence  the  liver  and  the  remaining  organs  do 
not  have  the  necessary  time  to  fix  and  utilize  the  sugar.     This  glycosuria 
also  in  part  be  due  to  the  fact  that  the  introduction  of  considerable 
quantities  of  Migar  forces  this  body  to  be  absorbed  not  only  in  the  ordinary 
way  through  the  blood-vessels  to  the  liver  (see  below),  but  also  in  part  by 
passing  into  the  blood  circulation  through  the  lymphatic  vessels,  thusevad- 

mg  the  liver. 

That  quantity  of  sugar  to  which  We  must  raise  the  ingested  substance  in 
order  to  produce  an  alimentary  glycosuria  giw  m  i  ording  to  \l<  q  muster,1 
the  atnmitatum  Until  for  that  same  sugar.  This  limit  is  different  for  various 
kinds  of  sugar;  and  it  also  varies  for  the  same  sugar  not  only  in  different 
animals,  but  also  for  different  members  of  the  same  species,  as  also  for  the 
individual  BOda  different  circumstances.  In  general  it  ean  be  said 
that  in  regard  to  the  ordinal  v  varieties  of  sugar,  such  as  dextrose,  bevulose, 
saccharose,  maltose,  and  Lactoee,  the  assimilation  limit  is  highest  for  des- 
ist for  lactose.  It  must  be  admitted  that  with  an  overabundant 
quantity  of  sugars  in  the  intestinal  tract  the  disaccharides  do  not  have 
sufficient  lime  for  their  complete  inversion,  and  this  has  been  directly  ahoWB 
by  Rohmann  and  Nagano.  It  is,  therefore,  not  remarkable  that  also 
disaccharides  have  been  found  in  the  urine  in  cases  of  alim  ivcosuria.* 


lQoia  et  Lepine,  Arch,  dc  Physiol.  (3),  t;    Rohmann,  Pfluger's  An  li  ,  41;  see 
aim  foot-note  2,  page  349. 

•  In  regard  to  the  literature  ou  the  absorption  of  sugars  see  foot-note  2.  page  349. 

1  Arch.  f.  exp.  Path.  u.  Phann.,  25  and  21'. 

4  For  the  literature  in  regard  to  the  passage  of  various  kinds  of  sugars  into  the 
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The  investigations  of  Ludwiq  and  v.  Merino  and  others  have  explained 
how  the  sugars  enter  into  the  blood-stream,  namely,  that  they  as  well 
as  bodies  soluble  in  water  do  not  ordinarily  pass  over  into  the  chylous 
vessels  in  measurable  quantities,  but  are  b  greatest  part  taken  up  by  the 
blood  in  the  capillaries  of  the  villi  and  in  this  way  pass  into  the  mass  of 
the  blood.      These  investigations  have  been  confirmed  by  observations  of 

I   Hunk  and  Uoskxxtkin '  on  human  brings. 

The  reason  why  the  sugars  an d  Other  soluble  bodies  do  not  pass  over 
into  ;  "us  vessels  in  appreciable  quantity  is,  according  to  1Ikii>i:\- 

i<i  be  found  in  the  anatomical  conditions,  in  the  arrangement  of  the 
capillaries  close  under  the  layer  of  epithelium.  Ordinarily  these  capillaries 
find  the  necessary  time  for  the  removal  of  the  water  and  the  solids  dis- 
solved in  it.  But  when  a  large  quantity  of  liquid,  such  as  a  sugar  solution, 
is  introduced  into  the  intestine  at  once,  this  is  not  possible,  and  in  these 
cases  a  part  of  the  dissolved  bodies  passes  into  the  chylous  vessels  and  the 
thoracic  duct  (QlSHBEafl  and   Rommann  *). 

The  introduction  of  larger  quantities  of  sugar  into  the  intestine  at  one 
time  can  readily  MUM  B  disturbance  with  diarrheal  evacuations  of  the 
intestine.  If  the  carbohydrate  is  introduced  in  the  farm  of  starch,  then 
very  large  quantities  may  be  absorbed  without  causing  any  disturbanee, 
and  the  absorption  may  be  very  complete.  Rvhnkk  found  the  following: 
On  partaking  508-670  grams  of  carbohydrates,  as  wheat  bread,  per  day 
the  part  not  absorbed  amounted  to  only  0.8-2.6  per  cent.  For  peas,  where 
357-588  grams  were  eaten,  the  loss  was  3.6-7  per  cent,  and  for  potatoes 
(718  grams)  7.6  per  cent.  LV.-.sr wtiniiu  found  on  partaking  367-380 
grams  of  carbohydrates,  chiefly  as  potatoes,  a  loss  of  only  0.4-0.7  per  cent. 
In  the  experiments  of  RUBNER,  as  also  of  Hi;lti;kkn  and  I.anukkiikkn,' 
d  the  utilization  of  carbohydrates  was  less  complete,  although 
the  loss  in  a  few  cases  rose  even  to  10. 1   10  i      i,  a1  least  follows 

i as  far  that  man  can  absorb  more  than  500 
grams  of  carbohydrates  per  diem  without   difficulty. 

We  generally  consider  the  pancreas  as  the  most  important  organ  in  the 
digestion  and  absorption  of  amylaceous  bodies,  and  it  is  a  question  how 
these  bodies  are  absorl>ed  after  the  extirpation  of  the  pancreas.  As  on  the 
absorption  of  proteids,  so  also  on  the  absorption  of  starch,  the  observations 
have  given  variable  result        [n     attain  cases  the  absorption  was  nearly 

tie  Glykogeabildung,  Zeitschr.  f.  Biologic.  SS.  and  F.  Voit.  foot-note 
2.  piv  ee  also  Blu  >'.ur  Lchre  von  der  Assimilationsgmute  der  Zucker- 

arteri,  In&ug. -Dissert.  1903,  >tras»burg. 

Uering,  Du  Vrch.,  1877;  Munk  and  Rosenstein,  1.  c. 

J  Pt 

•g,  PflOger'a  Arch  ,  14;  RShotana,  .'<■'-.'..  41. 

r,  Zeitscbr.  f.  Biologic,  lo  aud  10;  Constantinidi,  Aid.,  23;    Hultgren  and 
Landergrp.ii,  1.  c. 
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nU,  while  in  others  it  was,  on  the  contrary,  rather  impaired,  and  with 
dogs  devoid  of  pancreas  it  has  been  found  that  of  the  starch  partaken  the 
absorption  was  decreased  50  per  cent  (Rosenberg,  Cavazzam  '). 

Kmnli-.ifieation  noma  to  Em  of  the  greatest  importance  in  the  ah*, 
of  fats,  and  this  emulsion  occurs  in  the  chyle  on  the  introduction  into  the 
intestine  of  not  only  neutral  fats,  but  also  of  fatty  acids.  The  fatty  acids 
it  exist  u  such  iti  the  emulsified  fat  of  the  < chyle.  The  investigations 
of  I.  Mlxk,  later  confirmed  by  others,  have  shown  that  the  fatty  acid* 
undergo  in  great  part  a  synthesis  into  neutral  fats  in  th< 

end   Berried  as  such  by  the  stream  of  chyle  into  the  Mood.    This 
synthesis  seems  to  take  place  in  the  mucous  membrane  (Moore  *). 

The  assumption  that  the  fat  is  absorbed  chiefly  as  an  emulsion  u 
based  on  the  abundance  of  emulsified  fat  in  the  chyle  after  feeding  wil 
and  partly  on  the  fact  that  a  fat  emulsion  is  often  found  in  the  inl 
after  such  food.     As  an  abundant  cleavage  of  neutral  fats  occurs  in 
intestinal  canal,  and  also  as  the  fatty   acids  do   not  occur  in 

,  but  as  emulsified  fat  after  a  synthesis  with  glycerine  into  neutral  fats, 
it  is  to  be  doubted  whether  the  emulsified  fat  of  the  chyle  originates  from 

'-sorption  of  emulsified  fat  in  the  intestine  or  from  a  subseqi 
sificatinn  of  neutral  fat8  formed  synthetically.    This  doubt  has  gi 
warrant  in  that  Fit aJDE 3  has  shown  that  the  fatty-acid  ethyl  ester  is  abun- 
dantly taken  up  by  the  chyle  from  the  intestine,  not  as  such,  but  as  spi 
fatty  acids  from  which  then  the  neutral  emulsified  fats  of  the  chyle  are 
ted. 

The  assumption  of  an  absorption  of  fats  as  an  emulsion  contradicts  the 
fact  that  an  emulsion  produced  by  means  of  soaps  is  not  permanent  in  an 

I  liquid;  hence  we  cannot  con  presence  of  an  emulsion  "m  the 

intestine  as  possible  as  long  as  it  is  acid.  This  difficulty  is  not  too  serious, 
as  the  reaction  is  often  due  to  only  carbonic  acid  and  biearhonates  and 
also  as  found  by  Ki  mm:  and  recently  shown  I  iumbholz,' 

the  proteids  have  a  preserving  action  upon  fat  emulsion 
as  to  fat  absorption  wire  that  the  fat  was  absorbed  as  soaps,  soluble  in 
water,  as  well  as  finely  emulsified  fat,  and  this  last  form  was  considered  as 
of  the  greatest  importance.     This  view  has  recently  undergone  essent 
modifications,  due  to  the  work  of  Moore  and  Rockwood,  and  esp 
to  the  extensive  work  of  Pfluger.6 

1  Cavazzani,  Centr:illil.  f.  Physiol  .  7.     See  also  foot-note  1,  page  349. 

'Munk,  Virchow's  Arch.,  80.     See  also  v.  Walther,  Du  fioi«- Raymond's 
1890;  Minkowski,  Arch.  f.  exp.  Path.  u.  Phamv,  21;   Frank,  Zeitschr.  f.  Biologic. 
Moore,  see  liiochem.  Centralbl.,  1,  741. 

»  Zeitschr.  f.  Biologie,  36. 

*  Kuhne,  Lehrb.  der  physiol.  Chern.,  122;  Moore  and  Krumbhols,  Journ.  of  Physic 
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Moore  and  Rockwood  have  shown  the  great  solvent  action  of  the  bile 

for  fatty  acids,  and  on  continuing  these  investigations  further,  Moore  and 

Parker  have  found  that  the  bile  increases  the  solubility  of  soaps  in  water 

ami  can  prevent  their  gelatinization,  a  fact  which  is  of  greater  importance 

ior  the  absorption  of  fats  than  the  solubility  of  the  fatty  acids  in  bile.     The 

extent  of  lecithin  in  the  bile  is  of  great  importance  for  the  solubility  therein 

<>•  the  fatty  acids  as  well  as  the  soaps.     According  to  the  above-mentioned 

tigators  the  absorption  of  fat  from  the  intestine  is  essentially  dependent 

Upon  the  solubility  of  the  snaps  and  free  fatty  acids  in  the  bile.     The  neutral 

iata  are  split  and  the  free  fatty  acids  are  in  part  absorbed,  dissolved  as  such 

oy  the  bile,  and  in  part  combined  with  alkalies,  forming  soaps.     Neutral 

fats  are  regenerated  fauna  the  fatty  acids,  and  the  alkali  set  free  from  the 

soaps  is  secreted  hack  again  into  the  intestine  and  used  for  the  re-form 

of  soaps. 

i  importance  of  the  bile,  the  soaps,  and  the  alkali  carbonates  has  been 

K-  studied,  chiefly  by  very  thorough  investigations  of  Pfi.uger.     He 

quantitatively  determined  the  solvent  power  of  the  above-mentioned 

one  an  well  ifl  different  mixtures  of  these — for  the  various  fatty 

<  ly  studied  the  mode  «f  action  of  the  bile.     From  his 

--ligations  he  has  arrived  at  the  conclusion  that  no  unsplit  fat  is  absorbed, 

that  all  fats,  before  their  absorption,  must  first  be  split  into  glycerine  and 

tnd   that    tin-  bile,  On   account  of  i1.s  solvent  power  for 

:-  suthnent  for  the  abflOrptiOD   of  law  quantities  of  fat 
ea."teu.     The  c  ibject  of  the  formation  of  an  emulsion  is,  according  to  this 
triat  the  fat  in  this  condition  forms  such  a  large  surface  for  the  action  of 
-teapsin  or  the  fat-sp lit  ting  agents. 

!ity  that  all  the  fat  must  be  first  split  and  that  no  unsplit 
fat  is  abc  i  according  to  those  researches,  not  to  be  denied.      Ii  is 

the  opinion  of  the  author  that  it  is  -till  too  early  to  give  a  positive  verdict 
as  to  how  these  conditions  in  the  intestine  are  brought  about  and  the  con- 
clusion must  be  left  for  further  investigation*. 

The  next  question  is  whether  all  the  fat  or  the  greater  part  of  the  same 
Paaseginto  the  blood  through  the  lymphatics  and  the  thoracic  duct.  Accord- 
106  to  the  researches  of  Walth  I  hank  '  on  dogs,  it  seems  that  only 

a  suiall  part  of  the  fats,  or  at  least  of  the  fattv         I     fed  passes  into  the 
cy\vl.jiis  vessels;  but  these  observations  can  hardly  be  applied  to  the  absorp- 
tl°u  of  neutral  fats,  or  to  the  absorption  in  man  under  normal  circumstances. 
I^n'k  and  Eta  n  2  in  their  in  vestigations  on  a  girl  with  a  lymph  fistula 

*°Un,|  fio  per  cent  of  the  fat  ingested  in  the  chyle,  and  of  the  total  quan- 

Pnugtr,  rfliiger'a  Arch  ,  .SO,  si ,  NL\  V».  SS,  80,  and  90,  where  the  work  of  other  inveati- 
tUam  is  cited  And  discussed. 

1  Walther,  Du  Bois-Reymond's  Arch..  1 900;  Frank,  Ond.,  1892. 

1  Virchow  's  Arch.,  123. 
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thy  of  fat  in  the  chyle  only  4-5  per  cent  existed  as  soaps.  On  feeding  with 
a  foreign  fatty  acid,  such  us  erne  i<  aeid,  they  found  37  per  cent  of  the  intro- 
duced body  as  neutral  fat  in  the  chyle. 

The  completeness  with  wluch  fats  are  absorbed  depends,  under  normal 
conditions,  essentially  upon  the  kind  of  fat.  In  this  regard  it  is  known, 
especially  from  the  investigations  of  Munk  and  Arnsctonk,1  that  the 
varieties  of  fat  with  high  melting-points,  suck  as  mutton-tallow  and  espe- 
cially stearin,  are  not  so  completely  absorbed  as  the  fats  with  low  melting- 
1  mints,  such  as  hog-  and  goose-fat,  olive-oil,  etc.  The  kind  of  fat  also  has 
an  influence  upon  the  rapidity  of  absorption,  as  Munk  and  Roslnsthh 
1  (hut  BOlid  mutton-fat  was  absorbed  more  slowly  than  fluid  lipanin. 
The  extent  of  absorption  in  the  intestinal  tract  is,  under  physiological  con- 
ditions, very  considerable,  In  the  case  of  a  dog  investigated  by  Von*  it 
was  found  that  out  of  350  grams  of  fat  (butter)  partaken,  346  grams  wre 
absorbed  from  the  intestinal  canal,  and  according  to  the  investigations  of 
RUBNKB  '  the  human  inti  m  absorb  over  300  grams  of  fat  per  diem. 

The  fats  are,  according  to  Kubnkr,  much  more  completely  absorbed  when 
free,  in  the  form  of  butter  or  lard,  than  when  enclosed  in  the  cell-membranes, 
as  in  bacon. 

<  i  \  ude  Bernard  showed  long  ago  with  experiments  on  rabbits  in  which 
the  ductus  eholedochus  was  made  to  open  into  the  small  intestine  above  tbe 
pnncrc.it  ir  duct,  that  after  food  rich  in  fats  the  chylous  vessels  of  the  intes- 
tine above  the  pancreas  passages  were  transparent,  while  below  they  were 
milk-white,  and  also  t lint  tin-  bile  atone  cannot  produce  an  absorption  (A 
the  emulsified  fat  without  the  pancreatic  juice.  Dastre  *  has  performed 
the  reverse  experiment  on  dogs,  lie  tied  the  ductus  eholedochus  and 
adjusted  a  biliary  fistula  so  that  the  bile  flowed  into  the  intestine  below 
the  mouth  of  the  pancreatic  passages.  On  killing  the  animal  after  a  meal 
rich  in  fat  the  chylous  vessels  were  first  found  milk-white  below  the  dis- 
charge of  the  biliary  fistula.  From  this  Dastre  draws  the  oonelusko  i^1 
a  combined  action  of  the  bile  and  pancreatic  juice  is  important  in  the 
absorption  of  fats — a  conclu  da  in  good  accord  with  ^e 

experience  of  many  others. 

Through  numerous  observations  of  many  investigators,  such  as  BidpER 
and  SCHMIDT,  Voir,  Rohmann,  Fb.  Mi  u.kk,  I.  Hum,*  and  others,  it  has 
been  shown  that  the  exclusion  of  the  bile  from  the  intestinal  tract  diminah65 
the  absorption  of  fat  to  such  an  extent  that  only  one  seven? 
half  of  the  quantit\  of   fat  ordinarily  absorbed  undergoes  absorp. 


1  Munk,  Virchow's  Arch.,  80  and  95;  Amschink,  Zcitachr.  f.  liiotgie,  2C. 
1  Voit,  Zeitachc  f.  Riologie,  9;  Rubner,  bid.,  15. 
"Arch,  dc  PhyflioL  i"j,  2. 

*  V.  Mailer,  Sitzungsber.  de  phys.-med.  Gwellsch.  zu  Wiirzburg,  1885;    L 
Vircbow's  Arch.,  122.     Seo  also  foot-notes  1  and  2,  page  33'J. 


with  entire  exclusion  of  the  bile  a  considerable  decrease  in  the 
tion  of  fat  is  noticed.  As  under  normal  conditions,  so  also  in  the 
Doe  of  bile  in  the  intestine,  the  more  readily  melting  parts  of  the  fat 
are  more  completely  absorbed  than  those  which  have  a  high  melting-point. 
I.  Mink  found  in  his  experiments  on  dogs  with  lard  and  mutton-tallow 
that  the  absorption  of  the  high-melting  tallow  was  reduced  twice  as  much 
as  the  lard  on  the  exclusion  of  the  Idle  from  the  intestine. 

We  also  learn  from  tin-  in< n '>t Rations  of  KdiillAXX  and  I.  Munk  that 
in  the  absence  of  bile  the  relationship  between  fatty  acids  and  neutral  fats 

t changed,  namely,  about  80-90  per  cent  of  the  fat  existing  in  the  faeces 
nastB  of  fatty  acid,  while  under  normal  conditions  the  faces  contain 
1  part  neutral  fat,  to  about  2-2 J  parts  free  fatty  acids.  It  is  not.  possible 
to  state  how  this  increased  quantity  of  fatty  acids  in  the  fat  of  the  faeces 
produced  upon  the  exclusion  of  the  Idle  from  the  intestine. 
There  is  no  dout>t  that  the  bile  is  of  great  importance  in  the  absorption 
of  fats  Still  there  is  also  no  doubt  that  rather  considerable  quantities  of 
t  may  be  absorbed  from  the  intestine  in  the  absence  of  bile.  What  rela- 
n  does  the  pancreatic  juice  bear  to  this  question? 

I'pon  this  point  a  rather  large  number  of  observations  on  animals  have 
do  by  Ahelmaxn  and  Minkov.  -  mHaTOK,  TIari.io  .  EL 

I     don  and  VlLLE,  and  also  on  man  by  Vn.  UtiLUH  and  DBUGE 
of  these  investigations  a  more  or  less  diminished  absorption  of  fat  was 
bser  the  extirpation  or  destruction  q|  the  gland,  or  the  exclu- 

rion  of  the  juice  from  the  intestine.  The  results  are  very  diverse  as  to 
he  extent  of  this  diminution,  as  in  certain  cases  no  ifasorptioa  of  fat  was 
observed,  while,  on  the  contrary,  a  considerable  absorption  was  noted  in 
the  m  of  animal  (dog)  and  even  in  the  same  animal.     According 

-.  Minkowski  and  Ai.f.i.man.v,  after  the  total  extirpation  of  i  K  ■  -  pftTlflTMH 
e  fat  of  the  food  introduced  is  not  absorbe<l  at  all,  with  the  aoceeptio 

of  which  38-58  per  cent  of  its  fat  is  absorbed.     Other  investigators 
ve  obtained  other  results,  and  IIarley  has  observed  a  case  in  a 

an  absorption  of  only  4  per  cent  of  the  milk-fat,  or,  on  the  Complete 
ion  of  intestinal  bacteria,  even  no  absorption,  took  place.     The  con- 
somewhat  different  in  the  different  cases;  but  it  Is  certain 
.itic  juice  from    the  intestine  essentially  affects 
e  fat  absorption.     It  is  also  just  as  certain  that  the  absorption  of  fat  Ls 
dant  in  the  simultaneous  presence  of  bile  as  well  as  pancreatic 
ice  in  the  intestine.     A  little  fat  may  still  be  absorbed  even  in  the  absence 


1  Muller,  "Unter.  ubcr  den  Icterus,"  Zeitachr.  f.  klin.  Med.,  12;  Hedon  and  Villr, 
Arch,  dc  Physiol.  (5),  0;  Hurley,  Journ.  of  Physiol.,  IS,  Journ.  of  Pathol,  and  Bacteriol., 
1895,  and  Proceed.  Roy.  Soc..  01.  In  regard  to  the  other  authors  see  foot-note  1, 
page  349. 
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of  these  two  fluids,  as  shown  by  the  investigations  of  I1£don  and  Yille 
and  (Ynnin'.ha.m.1 

The  reason  for  the  fact  that  the  fat  absorption  is  diminished  in  the 
absence  of  bile  from  the  intestine  must  be  sought  for  in  the  above-mentioned 
role  of  this  fluid.  It  is  more  difficult  to  state  why  the  absence  of  pan- 
ereatic  juice  causes  a  reduction  in  the  absorption  of  fat.  The  most  natu- 
ral view  ifl  that  the  neutral  fats  are  here  less  completely  split,  but  this 
does  not    .-rem   in   bfl   flic  0086   be&HIBfl   iho  noii-absorlml    fat   of   the   feces 

consists,  on  the  BacdkuuoD  of  bile  and  pancreatic  juice  (Minkowski  and 
AiiKi.MANN,  Hahi.f.y,  Hfcnos  and  Viu.k,  DeucBSB),  chiefly  of  free  fatty 
acids.  A  still  unknown  change  caused  by  gastric  lipase  or  by  micro- 
organisms or  otherwise  may  produce  a  cleavage  of  the  fat  in  these  cases. 
imperfect  fat  absorption  after  the  extirpation  of  the  pancreas  can 
possibly  be  explained  by  the  removal  of  a  considerable  part  of  the  alkalies 
necessary  for  the  formation  of  the  emulsion  and  for  the  flotation  of  the 
fatty  acids,  but  as  SaMDMBTXB  l'-Mind  in  dogs  deprived  of  their  pan 
that  the  fat  absorption  was  raised  by  giving  chopped  pancreas  with  the 
fat.  tins  can  hardly  be  a  sufficient  explana: 

The  soluble  salts  are  also  absorbed  with  the  water.  The  proteids, 
which  can  dissolve  a  considerable  quantity  of  salts,  such  as  earthy  phos- 
phates which  are  otherwise  insoluble  in  alkaline  water,  are  of  great  im- 
portance in  the  absorption  of  such  salts. 

The  soluble  constituents  of  the  digestive  secretions  may,  like  other  dis- 
solved bodies,  be  absorbed,  as  is  demonstrated  by  the  passage  of  pepsin 
into  urine;  the  enzymes  may  also  be  absorbed.  The  occurrence  of  uro- 
bilin in  urine  attests  the  absorption  of  the  bile-constituents  under  pfa 
logical  conditions  despite  the  fact  that  the  occurrence  of  very  .small  traces 
of  bile-aeids  in  the  urine  is  disputed.  The  absorption  of  bile-acids  by  the 
intesi  is    to    1m-    positively    proved    by    I  I  serrations.     Tat- 

pkixek  J  introduced  a  solution  of  bile-6alts  of  a  kno  into 

an  intestinal  knot  and  after  a    time  investigated  the  content*.      He  found 
that  in  the  jejunum  and  the  ileum,  but  not  in  the  duodenum,  an  absorption 
of  bile-acids  took  place,  and  further  that  of  the  two  bile-acids  only  the 
ie  acid  was  absorbed  in  the  jejunum.     Further,  BCBOf  long  ago 
ssed  the  opinion  that  bOe  undergoes  an  intermediate  <  m,  in 

it  it  is  absorbed  from   ti  -:ine,   then  carried   to  the 

Hirer  by  the  blood,  and  lastly  eliminated  from  the  blood  by  this  organ. 
Although  this  view  has  met  with  some  opposition,  still  its  correctness  seems 
to  be  established  by  the  researches  of  various  investigators,  and  more 
recently  by  I'rjcvost  and  Binbt,  and  specially  by  Staoeucanx  and  his 


*  H&lon  and  Ville,  I.e.;  Cunningham,  Joura.  of  Physiol..  S3. 
i  Sitsungsber.,  77. 
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pupils.1    After  the  introduction  of  foreign  bile  into  the  intestine  of  an 
animal  the  foreign  bile-acids  appear  again  in  the  secreted  bile. 

How  does  the  removal  of  large  portions  of  the  various  parts  of  the 
intestine  affect  absorption?  Habley  '  has  been  able  to  perform  a  partial 
extirpation  of  the  large  intestine  and  in  another  instance  a  complete  extir- 
pation. This  last  condition  increased  the  faeces  considerably,  especially 
because  of  the  large  increase  in  the  water  (fivefold).  Fats  and  carbohy- 
drates were  absorbed  just  as  completely  as  in  the  normal.  The  absorp- 
tion of  the  proteids,  on  the  contrary,  was  reduced  to  only  84  per  cent  as 
compared  to  93-98  per  cent  in  normal  dogs.  After  extirpation  the  fseces 
sometimes  did  not  contain  any  urobilin  or  only  traces  thereof,  while  bile- 
pigments  existed  in  large  amounts. 

Erlanoer  and  Hewlett  ■  found  that  dogs,  where  70-83  per  cent  of 
the  total  length  of  the  jejunum  and  ileum  had  been  removed,  could  be 
kept  alive  like  other  animals  if  only  the  food  was  not  too  rich  in  fat.  When 
the  food  contained  large  amounts  of  fat  then  25  per  cent  was  evacuated  by 
the  fseces  as  compared  to  4-5  per  cent  in  the  normal  animal.  Under  these 
same  conditions  the  amount  of  nitrogen  in  the  fseces  was  increased  to 
twice  the  normal  amount. 

After  the  exclusion  of  the  colon  in  rabbits  Bergmann  and  Hultgren  * 
could  not  determine  any  action  upon  the  availability  of  the  cellulose  and 
also  no  diminution  in  the  utility  of  the  other  constituents  of  the  food  could 
be  observed. 

The  question  as  to  the  forces  which  are  active  in  the  intestine  during 
absorption  has  not  been  answered.  It  is  certain  that  thus  far  the  laws  of 
diffusion  and  osmosis  alone  are  not  sufficient  to  explain  absorption  although 
the  views  are  disputed.  With  all  these  facts  in  view  and  as  it  is  not 
within  the  scope  of  this  book  to  enter  more  in  detail  upon  the  numerous 
investigations  on  this  subject,  we  must  refer  to  larger  works B  and  to  text- 
books on  physiology  for  further  information. 

1  Schiff,  Pfluger's  Arch.,  3;  Provost  and  Binet,  Compt.  rend.,  106;  Stadelmann, 
we  foot-note  2,  page  261. 
"  Proceed.  Roy.  Soc.,  64. 
'  Amer.  Joura.  of  Physiol.,  6. 
«8kand.  Arch.  f.  Physiol.,  14. 

*  See  Hober,  Physikalische  Chemie  der  Zelle,  Leipzig,  1902,  and  I.  Munk,  Ergeb- 
i  der  Physiologic,  I,  Abt.  1. 


CHAPTER  X. 
TISSUES  OF  THE  CONNECTIVE  SUBSTANCE. 

I.  The  Connective  Tissues. 

The  form-elements  of  the  typical  connective  tissues  are  cells  of  various 
kinds,  of  a  not  very  well  known  chemical  composition,  and  gelatine-yielding 
fibrils,  which,  like  the  cells,  are  imbedded  in  an  interstitial  or  intercellular 
substance.  The  fibrils  consist  of  collagen.  The  interstitial  substance  con- 
tains chiefly  mucoid  (tendon-mucoid) ,  besides  serglobrdin  and  seralbumin, 
which  occur  in  the  parenchymatous  fluid  (Loebisch  l). 

The  connective  tissue  also  often  contains  fibres  or  formations  consisting 
of  elastin,  sometimes  in  such  great  quantities  that  the  connective  tissue 
is  transformed  into  elastic  tissue.  A  third  variety  of  fibres,  the  reticular 
fibres,  also  occur,  and  according  to  Siegfried  these  consist  of  reticulin. 

If  finely  divided  tendons  are  extracted  in  cold  water  or  NaCl  solutions,  the 
proteid  bodies  soluble  in  the  nutritive  fluid  in  addition  to  a  little  mucoid  are 
dissolved.  If  the  residue  is  extracted  with  half-saturated  lime-water,  then 
the  mucoid  is  dissolved  and  may  be  precipitated  from  the  filtered  extract 
by  saturating  with  acetic  acid.  The  extracted  residue  contains  the  fibrils 
of  the  connective  tissue  together  with  the  cells  and  the  elastic  substance. 

The  so-called  tendon  mucin  is  not  true  mucin,  but  a  mucoid,  which, 
as  first  shown  by  Levene  and  then  by  Cutter  and  Gies,  contains  a  part  of 
its  sulphur  as  an  acid  related  to  chondroi tin-sulphuric  acid.  These  mucoids, 
which  according  to  Cutter  and  Gies  are  mixtures  of  several  glucoproteids, 
contain  2.2-2.33  per  cent  sulphur,  as  shown  by  the  analyses  of  Chittenden 
and  Gies,  as  well  as  those  of  Cutter  and  Gies.  The  quantity  of  sulphur 
split  off  as  sulphuric  acid  was  1.33-1.62  per  cent  (Cutter  and  Gies  '). 

"he  fibrils  of  the  connective  tissue  are  elastic  and  swell  slightly  in  water, 
somewhat  more  in  dilute  alkalies  or  in  acetic  acid.  On  the  other  hand, 
they  shrink  by  the  action  of  certain  metallic  salts,  such  as  ferrous  sulphate 
or  mercuric  chloride,  and  tannic  acid,  which  form  insoluble  combinations 
with  the  collagen.  Among  these  combinations,  which  prevent  putrefaction 
of  the  collagen,  that  with  tannic  acid  has  been  found  of  the  greatest  tech- 

1  Zeitschr.  f.  physiol.  Chem.,  10. 

:  Levene,  ibid.,  31  and  39;  Cutter  and  Gies,  Amer.  Journ.  of  Physiol.,  6;   Chittenden 
and  Gies,  Maly's  Jahresbcr.,  26. 
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nical  importance  in  the  preparation  of  leather.  In  regard  to  the  collagens, 
gelatines,  elastins,  and  reticulins,  see  pages  59-64. 

The  tissues  described  under  the  names  mucous  or  gelatinous  tissues  are 
characterized  more  by  their  physical  than  their  chemical  properties  and  have 
been  but  little  studied.  So  much,  however,  is  known,  that  the  mucous  or 
gelatinous  tissues  contain,  at  least  in  certain  cases,  as  in  the  acalephse,  no 
mucin. 

The  umbilical  cord  is  the  most  accessible  material  for  the  investigation 
of  the  chemical  constituents  of  the  gelatinous  tissues.  The  mucin  occurring 
therein  has  been  described  on  page  52.  C.  Th.  Morner  l  has  found  a 
mucoid  in  the  vitreous  humor  which  contains  12.27  per  cent  nitrogen  and 
1.19  per  cent  sulphur. 

Young  connective  tissue  is  richer  in  mucoid  than  old.  Halliburton  * 
found  an  average  of  7.66  p.  m.  mucoid  in  the  skin  of  very  young  children 
and  only  3.85  p.  m.  in  the  skin  of  adults.  In  so-called  myxcedema,  in 
which  a  reformation  of  the  connective  tissue  of  the  skin  takes  place,  the 
quantity  of  mucoid  is  also  increased. 

The  connective  tissue  and  also  the  elastic  tissue  are  richer  in  water  and 
poorer  in  solids  in  young  animals  as  compared  to  full-grown  animals.  This 
may  be  seen  from  the  following  analyses  of  the  achilles  tendon  (Buerger 
and  Gies),  and  of  the  ligamentum  nucha  (Vandegrift  and  Gies  *). 

Achilles  ten'lon.  Ligament. 


Calf.                       Ox.  Calf.                       Ox. 

Water 675.1  p.m.  628.7  p.m.  651.0  p.m.      575.7  p.  m. 

Solida 324.9    "  371.3    "  394.0  "           424.3    '• 

Organic  bodies 318.4    "  366.6    "  342.4  "           419.6    " 

Inorganic  bodies 6.1    "               4.7    "  6.6  "               4.7    " 

Fat 10.4    "  11.2    " 

Proteid 2.2    "  6.16" 

Mucoid. 12.83"  5. 25" 

FJastin 16.33"  316.70" 

Collagen 315.88"  72.30" 

Extractives,  etc 8.96"  7.99" 

In  regard  to  the  mineral  bodies  it  must  be  remarked  that  according  to 
the  determinations  of  H.  Schulz  *  the  connective  tissue  is  rich  in  silicic 
acid.  The  greatest  amount  was  found  by  him  in  the  crystalline  lens  of 
the  ox,  namely,  0.5814  gram  per  kilo  of  dried  substance.  In  man  he  found 
0.0637  gram  in  the  tendons,  0.1064  gram  in  the  fascia,  and  0.244  gram  in 
Wharton 's  jelly  for  every  kilo  of  dried  substance.  The  quantity  of  silicic 
acid  is  higher  in  the  young  than  in  the  old;  in  man  it  is  highest  in  the 

1  Zeitschr.  f.  physiol.  Chem.,  18,  250. 

1  Mucin  in  Myxoedema.  Further  Analyses.  Kings  College.  Collected  Papers  No.  1, 
1893. 

'Buerger  and  Gies,  Amer.  Journ.  of  Physiol.,  6;  Vandegrift  and  Gies,  ibid.,  6. 
«  Pfluger's  Arch.,  84  and  89. 
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embryonic  connective  tissue  of  the  umbilical  cord.      In  tl 

id  also  i).  id.!  gram  !•>,< .),.  0.693  gram  MgO,  3.297  grams  CaO,  and  3.7M 
grams  P,04  for  every  kilo  of  dried  substance. 

II.  Curtilage. 

Cartilaginous  tissue  consists  of   cells  and   an  original  hyaline  m.v 
which,  however,  may  become  changed  in  such  wise  that  there  appears  in  it 
a  network  of  elastic  fibteB  or  connective-tissue  fibrils. 

Those  cells  that,  offer  great  resistance  to  the  action  of  alkalies  a»«l 
aei<l.s  have  nut  been  carefully  studied.    According  to  former  views,  tbe 
matrix  was  considered  as  consisting  of  a  body  analogous  to  collagen 
called  chondrixjen .    The  recent  invi  ns  of  Morochowetz  and  ottarJE 

but  especially  those  of  C.  Tft  WuBNEB,1  have  shown  that  the  matrix  i<" 
artilage  consists  of  a  mixture  of  collagen  with  • 

The  tracheal,  thyroideal,  cricoidal,  and  arytenoids]  cartilages  of  full--* 
grown  cattle  contain,  according  to  Morver,  four  constituents  in  the  matrix,, 
namely,  chondromucoid,  chondroitin-sulphuric  acid,  collagen,  and  an  alb 

Chondromucoid.    This  body,  according  to  Morner,  bat  nposition 

C  47.30,  H  6.42,  N  12.5S,  S  2.42,  O  81.28  pflt  cent.     Sulphur  is  in 

v  combine<J  and  may  be  split  off  by  the  action  of  alkalies,  and  a  part 
Separata  Bfl  sulphuric  acid  when  boili  d  with  hydrochloric  ad  ttdro- 

mtlcOJd  is  decomposed  by  dilute  alkalies  and  yields  alkali  albuminate, 
tone  substances,   chondroitin-sulphuric    acidj   alkali    sulphides,    and    some 
alkali  sulphates.     On  boiling  with  acids  it  yields  acid  albuminate,  pe 

tanees,  chondroitin-sulphuric  acid,  and  on  account  of  the  further  de- 
composition of  Ihifl  last  body  sulphuric  acid  and  a  reducing  substance  are 
formed. 

Chondromucoid  is  a  white,  amorphous,  acid-reacting  powder  which  a 
Insoluble  in  water,  but   dissolves  easily  on  the  addition  of  a  little  alkali  _    i   '■ 
This  solution  u  precipitated  by  acetic  acid  in  great  excess  and  by  smalLX 
quantities  of  mineral  acids.     The  precipitin  ilinl  Iiji  m  III  ml  B"  #ll 

salts  or  by  ehondroitia-fiUlphuric  aci<l.      Tli  onlaiiung  XaCl  aiidX 

acidified  with  H('l  is  not  precipitated  by  potassium  ferroeyanide.     I»reeipi 

tants  for  chondromucoid  are  alum,  ferric  chloride,  sugar  of  lead,  or  basic  le.nK"  »^ 
acetate.    Cbondraxnuoold  is  aoi  precipitated  by  tannic  acid,  and  it  may  by 
its  presence  prevent  the  precipitation  of  gelatine  by  this  acid.     It  gives  tl 
usual  color  reactions  for  |  namely,  with  oHrio  acid,  with  ■■  ■ 

sulphate  and  alkali,  with  Mjllon'b  and  Adamkikv.  igents. 

Chondroitin-sulphuric  Acid,  chonoroitic  acid.     This  acid,  which  wi 
first  prepared  pure  from  cartilage  by  (\  Tn.  Morner  and  identifii 


1  MurochowcU,  VcrlmmH.  d.  uuturh.  mcd.  Vereius  xu  Heidelberg,  1,  H- 
Skmid.  Arch.  i.  pbyaiol.,  1. 
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him  as  an  ethereal  sulphuric  acid,  occurs,  according  to  Morner,  in  all  varie- 
ties of  cartilage  and  also  in  the  tunica  intima  of  the  aorta  and  as  traces 
in  the  bone  substance.  K.  Morner  has  also  found  it  in  the  ox-kidney 
and  in  human  urine  as  a  regular  constituent.  According  to  Krawkow, 
who  found  it  in  the  cervical  ligament  of  the  ox,  it  combines  with  proteid, 
forming  amyloid  (see  page  54),  which  explains  the  occurrence  of  this  body 
in  amyloid  degenerated  livers,  as  observed  by  Oddi.1  The  identity  of  the 
ethereal  sulphuric  acid  occurring  in  liver  amyloid  with  chondroitin-sul- 
phuric  acid  does  not  seem  to  be  quite  clear,  according  to  the  researches  of 
Monery.  According  to  Levene  j  the  glucothionic  acid,  prepared  from 
tendon  mucoid  and  which  gives  the  orcin  reaction  for  glucuronic  acid,  and 
yields  furfurol  on  distillation  with  hydrochloric  acid,  is  not  identical  with 
the  chondroi tin-sulphuric  acid,  hence  more  acids  related  to  it  are  possible. 
Chondroi tin-sulphuric  acid  has  the  formula  CjgH^NSO,,,  according  to 
Schmiedeberg.'  As  first  products  this  acid  yields  on  cleavage  sulphuric 
acid  and  a  nitrogenous  substance,  chondroitin,  according  to  the  following 
equation: 

CyB^NSO„  +H20 = H,S04  +CuHrNOM. 

Chondroitin,  which  is  similar  to  gum  arabic  and  which  is  a  monobasic  acid, 
yields  acetic  acid  and  a  new  nitrogenous  substance,  chondrosin,  as  cleavage 
products,  on  decomposition  with  dilute  mineral  acids: 

CMH„NOM + 3H30 = 30,11,0, + CuH21NOn. 

• 

Chondrosin,  which  is  also  a  gummy  substance  soluble  in  water,  is  a  mono- 
basic acid  and  reduces  copper  oxide  in  alkaline  solution  even  more  strongly 
than  dextrose.  It  is  dextrogyrate  and  represents  the  reducing  substance 
obtained  by  previous  investigators  in  an  impure  form  on  boiling  cartilage 
with  an  acid.  The  products  obtained  on  decomposing  chondrosin  with 
barium  hydrate  tend  to  show,  according  to  Schmiedebero,  that  chondro- 
sin contains  the  atomic  groups  of  glucuronic  acid  and  glucosamine.  This 
assumption  does  not  seem  to  have  sufficient  foundation.  According  to 
Oqler  and  Neuberg  *  chondrosin  does  not  give  the  orcin  test  nor  does 
it  yield  furfurol.  It  contains  neither  glucuronic  acid  nor  glucosamine,  and 
on  cleavage  with  baryta  it  yields,  besides  a  carbohydrate  complex  which 
has  not  been  studied,  an  oxyamino  acid  having  the  formula  C^LaOtN ;  also 
a  hexosamine  acid  or  tetraoxyaminocaproic  acid. 

1  C.  Morner,  1.  c,  and  Zeitschr.  f.  physiol.  Chem.,  20  and  23;  K.  Morner,  Skand. 
Arok  f.  Fhyfliol.,  6;  Krawkow,  Arch.  f.  exp.  Path.  u.  Pharm.,  40;  Oddi.  ibid.,  33. 
'Mongry,  Compt.  rend.  soc.  biol.,  64;  Levene,  Zeitschr.  f.  physiol.  Chem.,  39. 
•  Arch.  f.  exp.  Path.  u.  Pharm.,  28. 
4  Zeitschr.  f.  physiol.  Chem.,  37. 
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Chondrnit.iu-snlphurie    acid    appears   as  a   white    amorphous   powder, 
dissolves  very  easily  in  water,  forming  an  acid  solution  ami. 
sullic  icentrated,  a  sticky  liquid  similar  to  a  •  of  gum  Bl 

Nearb    all   of   Ha    salts   arc  soluble  in   water.     The  neutralized  Bohlti 
pxeci|  y  tiii   chloride,  basic  lead  acetate,  neutral   ferric 

and  Ivy  alcohol  in  the  presence  of  a  lit  The  sohltio 

the  other  hand,  is  not  precipitated  by  acetic  acid,  tannic  acid,  potassium 
ferrocyanide  and  acid,  suejar  of  lend,  mercuric  chloride,  or  silver  nitrate. 
Acidified  saltations  of  alkali  chondroitin-flulphateB  cause  a  precipitation 
when  added  to  solutioas  of  gelatine  or  proteid. 


Chondromueoid  andehondndtin-eulphuria  acid  may  he  prepared,  accord- 
ing t < i  Mohnkk,  by  extracting  finely  cut  eanil.-i  water,  which  dis- 
solve-  the  preformed  chondroitin-eulphuric   acid  besides  some 
mucoid.      In   this  watery   extract    ihc  chondn itin-sulphurie  acid    pn 
the  precipil  ition  of  the  chondromueoid  by  means  of  an  acid.    If  2-4  p.  m. 

Ill'l  i,  added    to   this    ■•  l  Ctrecl    arid  wanned  OB    the  water-bath,   the 

chondiomuooid  gradually  separates,  w Idle  the  i  i  in-sulphuric  acid 

and  tin-  rest  of  the  chondromueoid  remain  in  the  filtrate.     If  the  cartilage, 

dviated,  al  the  temperature  of  the  body,  with  wafc 

extracted  with  hydrochloric  acid  "t  2-3  p.  m.  until  the  collagen  fa 
verted  into  gelatine  and  dissolved,  the  remainm  tromucoid  may  be 

red  from  the  insoluble  residue  by  dihn.  and  preci]  itated  from 

the  alkaline  extract  by  an  acid.     It  may  be  puri     d   I  J  solution 

in  water  with  the  :\]<\  of  a  little  alkali,  by  precipitation  with  an  add  and 
finally  treating  with  alcohol  and  ether. 

I  fie   pre~e\  in .mlroitin-sulphuric    acid,    or   that    formed    by    the 

decomposition  of  euondromocoid,  fa  obtained  by  lixiviating  the  cartilage 
with  a  it  pet  cent  raustie-alkaii  solution.     The  alkali  albuminate  formed 
by  .the  decomposition  of  the  chondromueoid  can  be  removed  from  the 
solution  by  neutralization,  then  the  peptone  precipitated  by  tannic 
the  ex         ■    ( I»i:-  acid  removed  with  sugar  of  lead,  and  the  lead  sepj 
Emm  the  liltrate  by  II,s.     If  further  p  necessary,  the  m 

ipitated  with  alcohol,  be  dissolved  in  water,  tini  solution 

dialyzeii  and  preej  again  with  alcohol,— -this  solution  in  «     i 

with  alcohol  being  repeated  a  few  times, — and  I 
i<  treated  with  alcohol  and  etc 

i     tared  the  acid  from  the  septum  narium  of  the 

irdmg  to  the  following  method:     The  finely  divided   cartilage  fa  first 

eed   to  artificial  peptic  digestion,   then  carefully  wash* 
and    the   insoluble   residue   treated   with    2-3   per  cent    hyilrochl 

cloudy  liquid  containing  hydrochloric  acid  is  precipitated  with 

ill    |   vol.)  and  the  clear  filtrate  treated  with  absolute  alcohol  and 
some-  ether.    The  precipitate,  consi  hiefly  of  a  combu  r  a 

■  ire  of  chondroj tin-sulphuric  acid  and  gelatine  peptone  (pepto-chondiin), 
is  Orel  waahed  with  alcohol  and  then  with  water.    It  Is  then  dissolved  in 

alkaline  ml    the    I  all    combination    precipitated    from    this 

don  by  tiol,  whereby    the  gelatine-pepi  i 

remains  in   solution.     The  precipitate  is   purified   by   re|  ion   in 

alkaline  water  and   pre  ■  W/   alcohol.    To  obtain  chondroitineul- 
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phuric  acid  entirely  free  from  chondroitin  it  is  more  advantageous  to  pre- 
pare the  potassium-copper  combination  of  the  acid  from  the  alkaline  solu- 
tion by  the  alternate  addition  of  copper  acetate  and  caustic  potash  and 
precipitating  with  alcohol.  The  reader  is  referred  to  the  original  article 
for  more  details  and  also  for  Oddi's  method. 

The  collagen  of  the  cartilage  gives,  according  to  Morner,  a  gelatine  which 
contains  only  16.4  per  cent  N  and  which  can  hardly  be  considered  identical 
with  ordinary  gelatine. 

In  the  above-mentioned  cartilages  of  full-grown  animals  the  chondroitin- 
sulphuric  acid  and  chrondromucoid,  perhaps  also  the  collagen,  are  found 
surrounding  the  cells  as  round  balls  or  lumps.  These  balls  (Morner  '» 
ehondrin-baUs),  which  give  a  blue  color  with  methyl-violet,  lie  in  the  meshes 
of  a  trabecular  structure,  which  is  colored  when  brought  in  contact  with, 
tropseolin. 

The  albuminoid  is  a  nitrogenized  body  which  contains  loosely  com- 
bined, sulphur.  It  is  soluble  with  difficulty  in  acids  and  alkalies  and 
resembles  keratin  in  many  respects,  but  differs  from  it  by  being  soluble 
in  gastric  juice.  In  other  respects  it  is  more  similar  to  elastin,  but  differs 
from  this  substance  by  containing  sulphur.  This  albuminoid  gives  the 
color  reactions  of  the  proteid  bodies. 

The  preparation  of  cartilage  gelatine  and  albuminoid  may  be  performed 
according  to  the  following  method  of  Morner:  First  remove  the  chon- 
dromucoid  and  chondroitin-sulphuric  acid  by  extraction  with  dilute  caustic 
potash  (0.2-0.5  per  cent),  remove  the  alkali  from  the  remaining  cartilage 
by  water,  and  then  boil  with  water  in  a  Papin's  digester.  The  collagen 
passes  into  solution  as  gelatine,  while  the  albuminoid  remains  undissolved 
(contaminated  by  the  cartilage-cells).  The  gelatine  may  be  purified  by 
precipitating  with  sodium  sulphate,  which  must  be  added  to  saturation  in 
the  faintly  acidified  solution,  redissolving  the  precipitate  in  water,  dialyzing 
well,  and  precipitating  with  alcohol. 

According  to  Morner,  no  albuminoid  is  found  in  young  cartilage,  but 
only  the  three  first-mentioned  constituents.  Nevertheless  the  young  carti- 
lage contains  about  the  same  amounts  of  nitrogen  and  mineral  substances 
as  the  old.  The  cartilage  of  the  ray  (Raja  batis  Lin.),  which  has  been 
investigated  by  Lonnberg,1  contains  no  albuminoid  and  only  a  little 
chondromucoid,  but  a  large  proportion  of  chondroitin-sulphuric  acid  and 
collagen. 

According  to  Pfluger  and  Handel  2  glycogen  occurs  to  a  slight  extent 
in  all  matrices,  and  of  these  it  is  richest  in  the  cartilage.  Tendons,  ligamen- 
tum  nuchea,  and  cartilage  of  the  ox  contained  0.06,  0.07,  and  2.17  p.  m. 
glycogen  respectively  (Handel). 

Hoppe-Seyler  found  in  fresh  human  rib-cartilage  676.7  p.  m.  water, 
301.3  p.  m.  organic  and  22  p.  m.  inorganic  substance,  and  in  the  cartilage 
>  Maly's  Jahreflber.,  19,  325.  ■  Pfliiger'a  Arch.,  W-,  B&bAA,  *\&. 
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of  the  knee-joint  73.5.9  p.  in.  water,  24S.7  p.  m.  organic  ami  15.4  p.  m. 
inorganic  substance.    Packard?  '  found  402-574  p.  in.  water  ami  72£fl 

a.-h  (no  iron)  in  the  laryimeal  cartilage  of  oxen.     Tiie  ash  of  cartilage 

able  amounts  (even   SOU   p.  in.)   of  alkali   sulpha 
probably  does  not  exist  originally  KB  Mich,  but  is  produced  in  great  part  by 

ii -in. -ration  of  the  chondroitin-sulphuric  acid  and  the  ehondron 
The  analyses  of  the  aah  of  cartilage  therefore  cannot  give  a  correct  idea  of 
tin  quantity  of  mineral  bodia  axiBlmg  in  'ins  substance.  The  cartilage  is 
richest  in  sodium  of  all  the  tissues  of  the  body,  ami  according  to  BUNGS  '  the 
d  C3  is  greatest  in  young  animals.  In  1000  parts  of  carti- 
lage dried  at  120° C,  1  I  i  26  parts  .\a.<  »  in  the  shark,  Xi.98  in 
the  OX  embryo,  32.45  in  a  fourteen-day-old  calf,  and  20  4  in  a  ten-week- 
old  calf. 

The  Cornea.    The  ooroeal  tissue,  which  ia  oonaidfired  by  many  investi- 
gators to  be  related        oartQagB  in  a  chemical  sense,  contains  traces  of 
as  chief  constituent,  which  C   in.  Morn eh  *  claims 
contains    K>.95  pa  cent   X.     According   bo   Dim  it  also   contains  a  mucoid 
which  has  the  composition  C  50  in,  11  0.07,  \*  12.79,  and  S  2.07  per  cent. 

lofling  with  dilute  mineral  acid  this  mucoid  yields  a  redu< 
stance.     The  globulins  found  by  other  investigators  in  the  cornea  are  not 
derived   from  the  matrix,  according  to   Mounkr,  but  from  the   layer  of 
lium.    According  to  Morner,   Descemet's  membrane  consists  of 
(iin'n  (page  53),  which  contains    14.77  per  cent  N  and  0.00  per  <•• 
In    the   cmca   ...f  oxen  His3  found  758.3  p.  m.  water.  203.8  p. 
gelatine-forming  substance,  28.4   p.  m.  other  organic   substance,  l> 
8.1  p.  m.  soluble  and  1.1  p.  m.  insoluble  salts. 


III.   Bone. 

The  bony  structure  proper,  when  free  from  other  formations  occurring 
in  bones,  such  as  marrow,  nerves,  and  blood-vessels,  consists  of  cells  and  a 
matrix. 

The  cells  have  n  closely  studied  in  regard  to  their  chemical 

Mitution.  On  boiling  with  water  they  yield  no  gelatine.  They  contain  no 
keratin,  which  is  not  usually  present  in  the  body  structure  (LIerdert 
Smith  4). 

The    matrix   of   the   bony   structure    contains   two    chief   constittu 
namely,  an  organic  substance,  and  the  so-called  bone-earths,  lime-salts, 
enclosed  in  or  combined  with  it.     If  bones  are  treated  with  dilute  hydro- 

1  Hoppe-Seyler,  cited  from  Kuhne**  Lehrbuch  d.  pfagnfol    I  hem.,  387  j     Fickardt, 
CentralM    f.  Physiol  ,  fi,  735;    Iiunge,  Zeitechr.  f.  phyiiol.  Cham.,  28. 
5  Zatufar  f  phyeiol.  Chom  ,  \s 
■  Cited  irom  Gamgee.  Physiol    Chem.,  1880,  451. 
•Zeitachr.  f.  Biologie.  19. 
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chloric  acid  at  the  ordinary  temperature,  the  lime-salts  are  dissolved  and 
the  organic  substance  remains  as  an  elastic  mass,  preserving  the  shape 
of  the  bone. 

The  organic  matrix  consists  chiefly  of  ossein,  which  is  generally  con- 
sidered as  identical  with  the  collagen  of  the  connective  tissue.  It  also 
contains,  as  Hawk  and  Gies  '  have  shown,  mucoid  and  albuminoid.  After 
the  removal  of  the  lime-salts  by  hydrochloric  acid  of  2-5  p.  m.  these  experi- 
menters were  able  to  extract  the  mucoid  by  one-half  saturated  lime-water 
And  to  precipitate  it  with  2  p.  m.  hydrochloric  acid.  After  the  removal 
of  the  osseomucoid  and  collagen  (by  boiling  with  water)  they  obtained 
the  albuminoid  as  an  insoluble  residue. 

The  osseomucoid  on  boiling  with  hydrochloric  acid  yielded  a  reducing 
substance  and  sulphuric  acid,  1.11  per  cent  sulphur  appearing  in  this 
form.  The  osseomucoid  stands  close  to  the  chondro-  and  tendon  mucoid 
in  elementary  composition,  as  may  be  seen  from  the  following  analyses: 

C               H  N  SO 

Osseomucoid. 47.43  6.63  12 .22  2.32      31 .40  (Hawk  and  Gibs) 

Chondromuooid...  ..  47.30  6.42  12.68  2.42      31.28  (C.  Morner) 

Tendon  mucoid. ....  48.76  6.53  11.75  2.33      30.60  (Chittenden and Gibs) 

Corneal  mucoid. 50.16  6.97  12.79  2.07      28.01  (C.  Morner) 

The  osseoalbuminoid  is  insoluble  in  2  p.  m.  hydrochloric  acid  and  5  p.  m. 
Na,CO„  but  dissolves  in  10  per  cent  KOH  with  the  formation  of  albumin- 
ates.   The  composition  of  chondro-  and  osseoalbuminoid  is  as  follows: 

c. 

Oaseoalbuminoid 50 .  16 

Chondroalbuminoid. 50.46 

The  inorganic  constituents  of  the  bony  structure,  the  so-called  bone- 
earths,  which  after  the  complete  calcination  of  the  organic  substance 
remain  as  a  white,  brittle  mass,  consist  chiefly  of  calcium  and  phosphoric 
acid,  but  also  contain  carbon  dioxide  and,  in  smaller  amounts,  magnesium, 
chlorine,  and  fluorine.  Alkali  sulphate  and  iron,  which  have  been  found 
in  bone-ash,  do  not  seem  to  belong  exactly  to  the  bony  substance,  but  to 
the  nutritive  fluids  or  to  the  other  constituents  of  bones.  The  traces  of 
sulphate  occurring  in  the  bone-ash  are  derived,  according  to  Morner,'  from 
the  chondroitin-sulphuric  acid.  According  to  Gabriel  ■  potassium  and 
sodium  are  essential  constituents  of  bone-earth. 

The  opinions  of  investigators  differ  somewhat  as  to  the  manner  in  which 
the  mineral  bodies  of  the  bony  structure  are  combined  with  each  other. 
Chlorine  is  present  in  the  same  form  as  in  apatite  (CaCL^S^PA).    If  we 


H. 

N. 

8. 

0. 

7.03 

16.17 

1.18 

25.46) 

Hawk  and 

7.05 

14.95 

1.86 

25.48J 

Gies 

1  Amer.  Journ.  of  Physiol.,  6  and  7. 

■  Zeitachr.  f.  physiol.  Chem. ,  28. 

•  Ibid.,  18,  which  also  contains  the  pertinent  literature. 
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eliminate  the  magnesium,  the  chlorine,  and  the  fluorine,  the  last,  according 
to  Gabriel,  occurring  only  as  traces,  the  remaining  mineral  bodies  fonr^- 

the  combination  3(Ca,P308)CaC08.    According  to  Gabriel  the  simplest  ex 

pression  for  the  composition  of  the  ash  of  bones  and  teeth  is  (Ca^POJjH — *"* 
Ca6HP8Oi3+Aq),  in  which  2-3  per  cent  of  the  lime  is  replaced  by  magnesia,  — 
potash,  and  soda,  and  4-6  per  cent  of  the  phosphoric  acid  by  carbon  dioxide,    — » 
chlorine,  and  fluorine. 

Analyses  of  bone-earths  have  shown  that  the  mineral  constituents  exist  — si 
in  rather  constant  proportions,  which  is  nearly  the  same  in  different  animals.  _ 
As  an  example  of  the  composition  of  bone-earth  we  here  give  the  analyses  -^b 
of  Zalesky.1    The  figures  represent  parts  per  thousand. 

Han.  Ox.  Tortoise.  Guinea-pi*. 

Calcium  phosphate,  CajP.O- 838.9  860.9  859.8  873.8^ 

Magnesium  phosphate.  MgjPA 10.4  10.2  13.6  10.5 

Calcium  combined  with  CO,,  Fl,  and  a...  76.5  73.6  63.2  70.3 

CO, 57.3  62.0  52.7 

Chlorine 1.8  2.0         1.3 

Fluorine1 2.3  3.0  2.0 

Some  of  the  CO,  is  always  lost  on  calcining,  so  that  the  bone-ash  does  mitt^x 
contain  the  entire  C03  of  the  bony  substance. 

Ad.  Carnot  8  found  the  following  composition  for  the  bone-ash  of  mant  xxj 
ox,  and  elephant: 

Man.  Ox.         Elephant 

Femur         Femur         u-_,„         n> 

(body).         (head).         «""»•         Femur. 

Calcium  phosphate 874.5  878.7  857.2  900.3 

Magnesium  phosphate 15.7  17.5  15.3  19.6 

Calcium  fluoride 3.5  3.7  4.5  4.7 

Calcium  chloride 2.3  3.0  3.0  2.0 

Calcium  carbonate 101.8  92.3  119.6  72.7 

Iron  oxide 1.0  1.3  1.3  1.5 

The  quantity  of  organic  substance  in  the  bones,  calculated  from  the  Iosss^ids 
of  weight  in  burning,  varies  somewhat  between  300  and  520  p.  m.  Thim-Mriw 
variation  may  in  part  be  explained  by  the  difficulty  in  obtaining  the  bon^-^rrMy 
substance  entirely  free  from  water  and  partly  by  the  very  variable  &mo\inM=3KLiit 
of  blood-vessels,  nerves,  marrow,  and  the  like  in  different  bones.  TlLM^&he 
unequal  amounts  of  organic  substance  found  in  the  compact  and  in  th^rtfte 
spongy  parts  of  the  same  bone,  as  well  as  in  bones  at  different  period^^k 
of  development  in  the  same  animal,  depend  probably  upon  the  varyin^-^f 
quantities  of  these  above-mentioned  tissues.  Dentin,  which  is  compt 
tivcly  pure  bony  structure,  contains  only  260-280  p.  m.  organic  substance 
and  Hoppe-Seyler  4  therefore  thinks  it  probable  that  perfectly  pure  bon; 


1  Hoppe-Sevler,  Med.-chem.  Untersuch.,  19. 

1  The  statements  as  to  the  quantity  of  fluorine  are  contradictory  j    see  Harms, 
Zeitschr.  f.  Biologie,  38;  Jodblauer,  ibid.,  41. 
1  Compt.  rend.,  114. 
•Physiol.  Chem.,  102-104. 
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substance  has  a  constant  composition  and  contains  only  about  250  p.  ra. 
organic  substance.  The  question  whether  these  substances  are  chemically 
combined  with  the  bone-earths  or  only  intimately  mixed  has  not  been 
decided.        • 

The  nutritive  fluids  which  circulate  through  the  bones  have  not  been  isolated, 
and  we  only  know  that  they  contain  some  proteid  and  some  NaCl  and  alkali 
sulphate.  The  yellow  marrow  contains  chiefly  fat,  which  consists  of  olein,  pal- 
mi  tin,  and  stearin,  and  which  differs  from  the  fat  of  the  other  parts  of  the  body 
by  having  a  higher  acetyl  equivalent  (Zink  ').  Proteid  has  been  found  especially 
in  the  so-called  red  marrow  of  the  spongy  bones.  According  to  Forrest,  the 
proteid  consists  of  a  globulin  coagulating  at  47-50°  C.  and  a  niicleo-albumin 
with  1.6  per  cent  phosphorus  (Halliburton  3),  besides  traces  of  albumin.  Besides 
this  the  marrow  contains  so-called  extractive  bodies,  such  as  lactic  acid,  hypc- 
zanthine,  and  cholesterin,  but  mostly  bodies  of  an  unknown  character. 

The  diverse  quantitative  composition  of  the  various  bones  of  the  skeleton 
depends  probably  on  the  varying  quantities  of  other  tissues,  such  as 
marrow,  blood-vessels,  etc.,  which  they  contain.  The  same  reason  explains, 
to  all  appearances,  the  larger  quantity  of  organic  substance  in  the  spongy 
parts  of  the  bones  as  compared  with  the  more  compact  parts.  Schrodt  • 
has  made  comparative  analyses  of  different  parts  of  the  skeleton  of  the  same 
animal  (dog)  and  has  found  an  essential  difference.  The  quantity  of  water 
in  the  fresh  bones  varies  between  138  and  443  p.  m.  The  bones  of  the 
extremities  and  the  skull  contain  138-222,  the  vertebrae  168-443,  and  the 
ribs  324-356  p.  m.  water.  The  quantity  of  fat  varies  between  13  and  269 
p.  m.  The  largest  amount  of  fat,  256-269  p.  m.,  is  found  in  the  long  tubular 
bones,  while  only  13-175  p.  m.  fat  is  found  in  the  small  short  bones.  The 
quantity  of  organic  substance,  calculated  from  fresh  bones,  was  150-300 
p.  m.,  and  the  quantity  of  mineral  substances  290-563  p.  m.  Contrary  to 
the  general  supposition  the  greatest  amount  of  bone-earths  was  not  found  in 
the  femur,  but  in  the  first  three  cervical  vertebrae.  In  birds  the  tubular 
bones  are  richer  in  mineral  substances  than  in  the  flat  bones  (During),  and 
the  greatest  quantity  of  mineral  bodies  has  been  found  in  the  humerus 
(Hiller,  During  4). 

We  do  not  possess  trustworthy  statements  in  regard  to  the  composition 
of  bones  at  different  ages.  The  analyses  by  E.  Voit  of  bones  of  dogs  and 
by  Brubacher  of  bones  of  children  apparently  indicate  that  the  skeleton 
becomes  poorer  in  water  and  richer  in  ash  with  increase  in  age.  Graffen- 
berger  8  has  found  in  rabbits  6$-7£  years  old  that  the  bones  contained  only 
140-170  p.  m.  water,  while  the  bones  of  the  full-grown  rabbit  2-4  years  old 

»See  Chem.,Centralbl.,  1897,  I,  296. 
1  Forrest,  Journ.  of  Physiol.,  17;  Halliburton,  ibid.,  18. 
e  Cited  from  Maly's  Jahresber.,  6. 

'Hiller,  cited  from  Maly's  Jahresber.,  14;  During,  Zeitschr.  f.  physiol.  Chem.,  28. 
'Voit,  Zeitschr.  f.  Biologie,  16;    Brubacher,  ibid.,  27;    Graff enberger  in  Maly's 
Jahresber.,  21. 
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contained  200-240  p.  m.  The  bones  of  old  rabbits  contain  more  carbon 
dioxide  and  less  calcium  phosphate. 

The  composition  of  bones  of  animals  of  different  species  is  but  little  known. 
The  bones  of  birds  OOnt&in.  U  a  rule,  soun-wlr  06  of  mum- 

•i  the  DOOM  >t  SaOBB  ontain  the  largest  quantity  of  water.  The  bot*» 
of  ri*t ■■-. ■<  and  amphibians  contain  a  greater  amount  of  organic  substance.  The 
doom  of  p&ohydeVmi  U  in  a  large  proportion  of  calcium  rsrbo- 

Date;    those  of  gEanivo  contain  silicic  acid.    The  booe-*aho( 

ampnibiana  and  Bahoi  contains  sodium  sulphate.  es  of  fiahee  seen  to 

contain  more  .soluble  salts  than  (he  bones  of  other  animals. 

A  great  main  experiments  have  be.  to  determine  the  exel 

material  in  the  bones — for  instance,  with  Food  rich  in  lime  and  with 
deficient  in  lime-  resoltfl  have  always  been  doubtful  or  contra 

TheattefflQ  ,  to  substitute  other  alkali  or  alumina  for 

thfl  lime  Of  the  bones  have  gfoeO  e<-ut radietnry  results.1      On   t!  I 
tration  of  niadder  the  bones  of  the  animal  are  found  to  be  col  afar 

a  few  days  or  weeks;    but  these  experiments  have  not  led  to  any  pi 
COnelusloD  in  regard  to  the  growth  or  metabolism  in  the  bones. 

Under  ps  1  conditions,  as  in  rachitis  and  softening  of  the  bows, 

an  ossein  has  been  found  which  does  not  give  any  typical  gelatine  on  b 
with  water.     Otherwise  pi  i  al  conditions  seem  to  affect  chiefly  the 

quantitative  composition  Of  the  bones,  and  especially  the  relationship  be- 
tween the  organic  and  the  inorganic  Bubstance.  In  exostosis  and  osteo- 
sclerosis the  quantity  of  organic  substance  is  generally  increased  In  rachitis 
and  osteomalacia  the  quantity  of  bone-earths  is  considerably  decrease! 
Attempts  have  been  made  to  produce  rachitis  in  animals  by  the  use  of  food 
deficient,  in  lime      IV  iments  on  fully  developed  animals  contradic- 

tory results  have  boeo  obtained     In  young,  undeveloped  animals  IiRW 
V'  'ir  *  produced,  by  lack  of  lime-salts,  a  change  similar  to  rachitis.     In  full- 
grown  animals  the  bones  were  changed  after  a  1<  the  la^ 
of  lime-salts  in  the  food,  birl  did  not  become  soft,  only  thinner  (osteopm 
The  experiments  of  removing  the  lime-salts  from  the  bones  by  the  ad 
of  lftotii-  acid  to  the  food  have  led  to  no  posi                               zmaxx.  1 
IUoivsky  ■).     WmSKB,  on  the  contrary. has  shown,  l.v  administering 
.sulphuric  acid  or  monoeodium  phosphate  with  the  food  (presupposing  t*tu»l 
tins  food  gave  no  alkaline  ash)  to  sheep  and  ra            that  the  quae 
mineral  belies  in  the  bones  might  be  diminished. 
for  a  long  time  with  a  food  which  yielded  an  acid  ash  (cereal  grab 
has  observed  a  diminution  in  the  mineral  substances  of  the  bones  in  full- 


1  See  H.  Weiskc.  Zeit.schr.  f.  Biologic,  31. 
1  ZakUMhr.  f.  Hiologie,  16. 

1  RftitMnamt,  Maly's  Jahresber.,  3,  229;  Heiss,  Z«itachr.  f.  Biologic,  12;  Baginaky. 
Virchow'a  Arch.,  S". 
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grown  herbivora.1  A  few  investigators  are  of  the  opinion  that  in  rachitis,  aa 
in  osteomalacoais,  a  solution  of  the  time-salts  l>y  means  of  lactic  acid  takes 
place.  This  was  suggested  by  the  foot  that  <).  Wkijkk  and  C.  Schmidt' 
found  lactic  acid  in  the  cyst-like,  altered  bony  substance  in  osteomalacia. 
Well-known  investigator*  have  disputed  the  possibility  of  the  lime-salts 
ihed  from  the  bones  in  osteomsiBOoas  by  means  of  lactic  acid.  They 
eo  special  prominence  to  the  fact  that  the  hme-saltsheld  in  solution 
BCdd  must  Dfi  deposited  On  neutralization  of  the  acid  by  the 
alkali  This  objeol  Ot  very  important)  as  the  alkaline  blood- 

g  the  property  to  a  high  degree  of  holding  earthy  phoephati 
;  m,  which  fact  can  l>e  easily  proved.    The  investigations  of  I.kvv  '  con- 
tradict the  statement  as  to  the  solution  of  the  lime-salts  by  Did  in 
osteomalacia.                    found   that   the  normal  relationship  0FO4  !  bOCa  Is 
tied  in  all  parts  of  the  bones  in  osteomalacia!  which  would  not  be  the 
case  if  tlv                         ■■■  dissolved  by  an  acid.    The  decrease  in  p 
phatc  occurs  in  the  same  quantitative  relationship  as  the  carbonate,  and 
according  to  Lew  in  osteomalacia  the  exhaustion  of  the  bone  takes  i 
by  a  decalcification  in  which  one  molecule  of  phosphate  carbonate  after  the 
is  removed. 

In  rachitis  the  quantity  of  organic  matter  lias  been  found  to  vary  between  664 
11  p.m.    The  quantity  of  inorganic  substance  was  1S9-336  p.m.    These 
figure*  refer  to  the  dried  substance,    according  to  Bbubackbb  rachitic 

are  richer  in  water  than  the  bofMS  of  healthy  children,  and  poorer  in  mineral  bodies, 

calcium  phosphate.     In  opposition  to  rachitis,  nMeomalacosis  is  o 
characterized  by  the  considerable  amount  of  fat  in  the  bones,  230-200  p 
but  as  a  rule  the  '(imposition  varies  so  much  that  the  analyses  arc  of  little  value. 
In  a  case  of  osteomalaeosis  Ch&BBxI  '   found  a  larger  quantity  of  magnesium 
than  calcium  in  a  bone.     The  ash  contained  417  p.  m.  phosphoric  acid,  222  p.  m. 
269  p.  m.  magnesia,  and  86  p.  m.  carbon  dioxide. 

The  tooth-structure  h  nearly  related,  from  a  chemical  standpoint,  to 
the  bony  structure. 

Of  the  three  chief  constituents  of  the  teeth — dentin,  enamel,  and 
cement — the  cement  is  to  be  considered  as  true  bony  structure,  and  as 
such  has  alrcn  discussed  to  some  extent.     Dentin  has  the  same 

composition  as  the  bony  structure,  but  contains  somewhat  less  water.  The 
organic  substance  yields  gelatine  on  boiling;  but  the  dental  tubes  are 
not  dissolved,  therefore  they  cannot  consist  of  collagen.  In  dentin  260-280 
i.  m.  ■  has  been  found.     Enamel  is  an  epithelium  forma- 

tion containing   a  large  proportion   of  lime-salts.     Corresponding   to   its 


1  See  Maly's  Jahreaber.,  22;    also  Weiske,  Zeitachr.  f.  physinl.  Chem.,  20,  and 
Zeitachr.  (.  Biologic  31. 

I  red  from  v.  Gnnip-Beaaneg,  Lehrb.  d.  phyaiol.  Chem.,  4.  Aufl. 

•  Zeitachr.  f.  physinl.  Cham.,  19 
•  Chabric,  "Lea  phenom^nes  chim  de  1 'ossification,"  Paris,  1895,  65. 
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character  and  origin  the  organic  substance  of  the  enamel  does  not  yield  any 
gelatine.  Completely  developed  enamel  contains  the  least  water,  the  great- 
est quantity  of  mineral  substances,  and  is  the  hardest  of  all  the  tissues  of 
the  body.  In  full-grown  animals  it  contains  hardly  any  water,  and  the 
quantity  of  organic  substance  amounts  to  only  20-40-68  p.  m.  The  rela- 
tive amounts  of  calcium  and  phosphoric  acid  are,  according  to  the  analyses 
of  Hoppe-Seyler,  about  the  same  as  in  bone-earths.  The  quantity  of 
chlorine  according  to  Hoppe-Seyler  is  remarkably  high,  0.3-0.5  per 
cent,  while  Bertz  *  found  that  the  ash  of  enamel  was  free  from  chlorine 
and  that  dentin  was  very  poor  in  chlorine. 

Carnot,*  who  has  investigated  the  dentin  from  elephants,  has  found  4.3  p.  m. 
calcium  fluoride  in  the  ash.  In  ivory  he  found  only  2.0  p.  m.  Dentin  from 
elephants  is  rich  in  magnesium  phosphate,  which  is  still  mor  •  abundant  in  ivory. 

According  to  Gabriel  the  amount  of  fluorine  is  very  small  and  amounte 
to  1  p.  m.  in  ox-teeth.  It  is  no  greater  in  the  teeth  and  enamel  than  in 
the  bones.8  The  same  investigator  found  that  the  phosphates  are  strikingly 
small  in  the  enamel,  and  in  the  teeth  considerable  lime  is  replaced  by  mag- 
nesia. This  coincides  with  Bertz's  findings,  that  dentin  contains  twice  as 
much  magnesia  as  the  enamel. 

IV.  The  Fatty  Tissue. 

The  membranes  of  the  fat-cells  withstand  the  action  of  alcohol  and 
other.  They  are  not  dissolved  by  acetic  acid  nor  by  dilute  mineral  acids, 
but  are  dissolved  by  artificial  gastric  juice.  They  may  possibly  consist  of  a 
substance  closely  related  to  elastin.  The  fat-cells  contain,  besides  fat,  a 
yellow  pigment  which  in  emaciation  does  not  disappear  so  rapidly  as  the 
fat;  and  this  is  the  reason  that  the  subcutaneous  cellular  tissue  of  an 
emaciated  corpse  has  a  dark  orange-red  color.  The  cells  deficient  in  or 
nearly  free  from  fat,  which  remain  after  the  complete  disappearance  of  the 
latter,  seem  to  have  an  albuminous  protoplasm  rich  in  water. 

The  less  water  the  fatty  tissue  contains  the  richer  it  is  in  fat.  Schulzb 
and  Rkinecke  *  found  in  1000  parts 

Water.  Membrane.  Fat. 

Fatty  tissue  of  oxen 99 . 7  10 . 6  883.7 

"      "sheep 104.8  16.4  878.8 

"         "      "pigs 64.4  13.6  922.0 

The  fat  contained  in  the  fat-cells  consists  chiefly  of  triglycerides  of 
stearic,  palmitic,  and  oleic  acids.  Besides  these,  especially  in  the  less  solid 
kinds  of  fats,  there  are  glycorides  of  other  fatty  acids.     (See  Chapter  IV.) 

"See  Maly's  Jahresber.,  30. 
1  Compt.  rend.,  114. 
s  See  foot-note  2,  page  366. 
♦Annal.  d.  Chem.  u.  Pharrn..  142. 
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In  all  animal  fats  there  are  besides  these,  as  Fr.  Hofmann  *  has  shown, 
Also  free,  non-volatile  fatty  acids,  although  in  very  small  amounts. 

Human  fat  is  relatively  rich  in  olein,  the  quantity  in  the  subcutaneous 
fatty  tissue  being  70-80  per  cent  or  more.'  In  new-born  infants  it  is  poorer 
in  oleic  acid  than  in  adults  (Knopfelmacher,  Sieqert,  Jaeckle);  the 
quantity  of  olein  increases  until  the  end  of  the  first  year,  when  it  is  about 
the  same  as  in  adults.  The  composition  of  the  fat  in  man  as  well  as  in 
different  individuals  of  the  same  species  of  animals  is  rather  variable,  a  fact 
which  is  probably  dependent  upon  the  food.  According  to  the  researches  of 
Henriques  and  Hansen  the  fat  of  the  subcutaneous  fatty  tissue  is  richer 
in  olein  than  that  of  the  internal  organs;  this  has  also  been  observed  by 
Leick  and  Winkler.*  In  animals  with  a  thick  subcutaneous  fat  deposit 
the  outer  layers,  according  to  Henriques  and  Hansen,  are  richer  in  olein 
than  the  inner  layers.  The  fat  of  cold-blooded  animals  is  especially  rich 
in  olein.  The  fat  of  domestic  animals  has,  according  to  Amthor  and  Zink, 
a  less  oily  consistency  and  a  lower  iodine  and  acetyl  equivalent  than  the 
corresponding  fat  of  wild  animals.  Kreis  and  Hapner  *  have  prepared 
a  mixture  of  glycerides  from  pig-fat,  which  contained  beside  two  stearic- 
acid  molecules  a  residue,  Ct7Hn03,  which  is  daturic  acid  or  an  acid  isomeric 
with  it.  Under  pathological  conditions  the  fat  may  have  a  markedly 
pronounced  variation.  The  fat  of  lipoma  seems,  according  to  Jaeckle, 
to  be  poorer  in  lecithin  than  other  fats. 

The  properties  of  fats  in  general,  and  the  three  most  important  varieties 
of  fat,  have  already  been  considered  in  a  previous  chapter,  hence  the  forma- 
tion of  the  adipose  tissue  is  of  chief  interest  at  this  time. 

The  formation  of  fat  in  the  organism  may  occur  in  various  ways.  The 
fat  of  the  animal  body  may  consist  partly  of  absorbed  fat  of  the  food  de- 
posited in  the  tissues,  and  partly  of  fat  formed  in  the  organism  from  other 
bodies,  such  as  proteids  or  carbohydrates. 

That  the  fat  of  the  food  which  is  absorbed  in  the  intestinal  canal  may  be 
retained  by  the  tissues  has  been  shown  in  several  ways.  Radziejewski, 
Lebedepf,  and  Munk  have  fed  dogs  with  various  fats,  such  as  linseed-oil, 
mutton-tallow,  and  rape-seed-oil,  and  have  afterwards  found  the  adminis- 
tered fat  in  the  tissues.  Hofmann  starved  dogs  until  they  appeared  to 
have  lost  their  fat  and  then  fed  them  upon  large  quantities  of  fat  and  only 
little  proteids.  When  the  animals  were  killed,  he  found  so  large  a  quantity 
of  fat  that  it  could  not  have  been  formed  from  the  administered  proteids 

1  Ludwig-Festschrift,  1874.     Leipzig. 

1  See  Jaeckle,  Zeitschr.  f.  physiol.  Chem.,  36  (literature). 

'Knopfelmacher,  Jahrbuch  f.  Kinderheilkunde  (N.  F.),  45  (older  literature); 
JSicgert,  Hofmeister'a  Beitriige,  1;  Jaeckle,  Zeitschr.  f.  physiol.  Chem.,  36  (literature); 
Henriques  and  Hansen,  Skand.  Arch.  f.  Physiol.,  11;  Leick  and  Winkler,  Arch.  f. 
Path.  u.  Pharm.,  48. 

4  Ber.  d.  d.  Chem.  Gesellsch..  36. 
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alone,  but  the  greatest  part  must  have  been  derived  from  the  fat  of  the 
food.  l'KTTi.NKaKKii  and  Voir  arrived  at  similar  results  in  regard  to  the 
behavior  of  the  absorbed  fats  in  the  organism,  though  their  experiments 
ware  of  another  kind.  ICUNZ  had  found  that  on  fording  with  free  fatty 
acids  these  are  deposited  in  the  tissue*,  not,  however,  as  such:  but 
arc  transformed  by  synthesis  with  glycerine  into  neutral  fats  on  their  pas- 
sage from  the  intestine  into  the  thoracic  duct,  and  also  the  connection  bt 
the  fat  of  the  f.  -  f  the  body  has  been  shown  by  others,  esj* 

Rosknki.lh.  CiiH'ivBDi  and  Marchetti  and  espeeially  Wixteh.mtz1 
have  recently  shown  that  tin-  iodized  fat  is  taken  up  in  the  intestinal  tract 
and  deposited  in  the  various  organs. 

Proteids  and  carbohydrates  are  considered  as  the  mother-substances  of 
the  fats  formed  in  the  organ Lsm. 

The  formation  of  the  so-called  corpse-wax,  adipocere,  which  consists  of  a 
mixture  of  fatty  acids,  ammonia,  and  lime-soaps,  from  parts  of  the  corpse 
rich  in  proteids,  is  sometimes  given  as  a  proof  of  the  formation  of  fats  from 
proteids.    The  accuracy  of  tl  has,  however,  been  disputed,  ami 

many  other  explanations  of  the  formation  of  this  substance  have  been 
offered.     According;  bo  the  experiments  of  Kkatter  and  K.  B.  Lei 
n  Beams  BS  U  it  were  possible  by  experimental  means  to  convert  animal  I 
rich  in  proteids  (muscles)  into  adipocere  by  the  continuous  action  of 
Irrespective  of  this.  Sm.kowski  has  shown  recently  that  in  the  fen 
of  adipocere  the  fat  itself  takes  part  in  that  the  olein  decompose 
formation  of  solid  fatty  adds;   stall  i1  ma  --ed  tliat  lower 

lUU'dlv    take    part    in    its   formation.     The   product 
adipoivro  as  B  proof  "f  the  formation  of  i  eids  is  disputed  br 

many  investigators  for  ihi-.  and  other,  reasons. 

Fatty  degeneration  is  another  proof  of  the  formation  of  fat  fro 
'■■ids.    From  the  investigations  of  Babes  on  dogs  and  Lao  on  frogs  it  was 
assumed  that,  at  least  in  acute  poisoning  by  phosphorus,  a  fatty  degewrt- 
tion,  with  the  formation  of  fat  from  proteids,  takes  place.      l'i 
raised  such  strong  arguments  against  the  older  n 

at  one  of  Pullman n.  who  claims  to  have  shown  the  forma' i 
from  proteids  in  phosphorus  poisoning,  that  we  cannot  consider  the  fonas- 
tion  of  fat  as  conclusively  proved.     Recenl  rations  of   Atii\- 

Taylor,  and  especially  of  Rosenfeld,1  ha  that  in  tin- 

no  new  formation  of  fat  from  proteid  took  place,  but  rather  a  fat  mi:. 
(BosEHn 

1  Coronedi  and  Marchetti,  cited    by  Winternitz,   Zeitschr.    f.    phyniol.  C! 
A  review  of  the  literature  mi  fat  formation  may  bo  found  in  RoeenfeM:    i 
in  ErgebniflM  der  Physiologie,  1,  Abt.  I. 

'  Iiauor.  Zeitschr.  f.  Biologic,  7;  Leo,  Zeitschr.  f.  physiol.  Cbem  ,  9;  PolinunU. 
Pfluger 'a  Arch.,  70;  Pfluger,  ibid.,  51  (literature  on  the  formation  of  fat  from  proteid)  tM 
71;  Athanaaiu.  ibid  ,  7-4;  Taylor,  Journ.  Exp.  Medicine,  4;  see  also  foot-note  5,  pant.'--! 
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Another  more  direct  proof  for  the  formation  of  fat  from  proteids  has 
been  given  by  Hofmann.  He  experimented  with  fly-maggots.  A  num- 
ber of  these  were  killed  and  the  quantity  of  fat  determined.  The  remainder 
were  allowed  to  develop  in  blood  whose  proportion  of  fat  had  been  previ- 
ously determined,  and  after  a  certain  time  they  were  killed  and  analyzed. 
He  found  in  them  from  seven  to  eleven  times  as  much  fat  as  was  contained  in 
the  maggots  first  analyzed  and  the  blood  taken  together.  Pfluger  %  has 
made  the  objection  that  a  considerable  number  of  lower  fungi  develop  in 
the  blood  under  these  conditions,  in  whose  cell-body  fats  and  carbohydrates 
are  formed  from  the  different  constituents  of  the  blood  and  their  decompo- 
sition products,  and  that  these  serve  as  food  for  the  maggots. 

As  a  more  direct  proof  of  fat  formation  from  proteids  the  investigations 
of  Pettenkofer  and  Voit  are  often  quoted.  These  investigators  fed  dogs 
with  large  quantities  of  meat  containing  the  least  possible  proportion  of 
fat,  and  found  all  of  the  nitrogen  in  the  excreta,  but  only  a  part  of  the 
carbon.  As  an  explanation  of  these  conditions  it  has  been  assumed  that 
the  proteid  of  the  organism  splits  into  a  nitrogenized  and  a  non-nitrog- 
enized  part,  the  former  changing  into  the  nitrogenized  final  product, 
urea,  and  like  products,  and  the  other,  on  the  contrary,  being  retained 
in  the  organism  as  fat  (Pettenkofer  and  Voit). 

Pfluger  has  arrived  at  the  following  conclusion  by  an  exhaustive 
criticism  of  Pettenkofer  and  Voit's  experiments  and  a  careful  recal- 
culation of  their  balance-sheet:  that  these  very  meritorious  investigations, 
which  were  continued  for  a  series  of  years,  were  subject  to  such  great 
defects  that  they  are  not  conclusive  as  to  the  formation  of  fat  from  pro- 
teids. He  especially  emphasizes  the  fact  that  these  investigators  started 
from  a  wrong  assumption  as  to  the  elementary  composition  of  the  meat, 
and  that  the  quantity  of  nitrogen  assumed  by  them  was  too  low  and  the 
quantity  of  carbon  too  high.  The  relationship  of  nitrogen  to  carbon  in 
meat  poor  in  fat  was  assumed  by  Voit  to  be  as  1 : 3.68,  while,  according  to 
Pfluger  it  is  1 : 3.22  for  fat-free  meat  after  deducting  the  glycogen,  and 
according  to  Rubner  1 : 3.28  without  deducting  the  glycogen.  On  recalcu- 
lation of  the  figures  using  these  coefficients,  Pfluger  has  arrived  at 
the  conclusion  that  the  assumption  as  to  the  formation  of  fat  from  proteids 
finds  no  support  in  these  experiments. 

In  opposition  to  these  objections  E.  Voit  and  M.  Cremer  have  made 
new  feeding  experiments  to  show  the  formation  of  fat  from  proteids,  but 
the  proof  of  these  recent  investigations  has  been  denied  by  Pfluger.  On 
feeding  a  dog  on  meat  poor  in  fat  (containing  a  known  quantity  of  ether 
extractives,  glycogen,  nitrogen,  water,  and  ash),  Kumagawa  *  could  not 
prove  the  formation  of  fat  from  proteids.     According  to  him  the  animal 

1  See  Roeenfeld,  Fettbildung,  Ergebnisse  der  Physiologic,  1,  Abt.  L 
1 1bid. 
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body  under  normal  conditions  has  not  the  power  of  forming  fat  from  pro- 
teid. 

Several  French  investigators,  especially  Chauveau,  Gautier,  and  Kauf- 
mann,1  consider  the  formation  of  fat  from  proteids  as  positively  proved. 
Kaufmann  has  recently  substantiated  this  view  by  a  method  which  will 
be  spoken  of  in  detail  in  Chapter  XVIII,  in  which  he  studied  the  nitro- 
gen elimination  and  the  respiratory  gas  exchange  in  conjunction  with  the 
simultaneous  formation  of  heat. 

As  we  are  agreed  that  carbohydrates  and  glycogen,  as  well  as  sugar,  can 
be  formed  from  proteids,  the  fact  cannot  be  denied  that  possibly  an  indirect 
formation  of  fat  from  proteids,  with  a  carbohydrate  as  an  intermediate 
step,  can  take  place.  The  possibility  of  a  direct  fat  formation  from  pro- 
teids without  the  carbohydrate  as  intermediary  must  also  be  generally  ad- 
mitted, although  such  a  formation  has  not  been  conclusively  proved. 

According  to  Chauveau  and  Kaufmann,  in  the  direct  formation  of  fat 
from  proteids  the  fat  is  formed,  besides  urea,  carbon  dioxide,  and  water, 
as  an  intermediary  product  in  the  oxidation  of  the  proteids,  while  Gadtieb 
considers  the  formation  of  fat  from  proteids  as  a  cleavage  without  taking  up 
oxygen.  Drechsel  2  has  called  attention  to  the  fact  that  the  proteid 
molecule  probably  originally  contains  no  radical  with  more  than  six  or 
nine  carbon  atoms.  If  fat  is  formed  from  proteid  in  the  animal  body, 
then,  according  to  Drechsel,  such  formation  is  not  a  splitting  off  of  fat 
from  the  proteids,  but  rather  a  synthesis  from  primarily  formed  cleavage 
products  of  proteids  which  are  deficient  in  carbon. 

The  formation  of  fat  from  carbohydrates  in  the  animal  body  was  first 
suggested  by  Lie big  This  was  combated  for  some  time,  and  until  lately 
it  was  the  general  opinion  that  a  direct  formation  of  fat  from  carbohydrates 
had  not  been  proved,  but  also  that  it  was  improbable.  The  undoubtedly 
great  influence  of  the  carbohydrates  on  the  formation  of  fat  as  observed 
and  proven  by  Liebig  was  explained  by  the  statement  that  the  carbo- 
hydrates were  consumed  instead  of  the  absorbed  fat  or  that  derived  from 
the  proteids,  hence  they  have  a  sparing  action  on  the  fat.  By  means  of  a 
series  of  nutrition  experiments  with  foods  especially  rich  in  carbohydrates, 
La wes  and  Gilbert,  Soxhlet,  Tscherwinsky,  Meissl  and  Stromer  (on 
pigs) ,  B.  Schultze,  Chaniewski,  E.  Voit  and  C.  Lehmaxn  (on  geese),  I.  Musk 
and  Rurner  and  Lummert  3  (on  dogs)  apparently  prove  that  a  direct  forma- 

1  Kaufmann,  Arch,  tie  Physiol.  (5),  8,  where  the  works  of  Chauveau  and  Gautier 
are  cited. 

:  Ladenburg's  Handwortcrbuch  der  Chem.,  3,  543. 

s  La  wes  and  Gilbert,  Phil.  Transactions,  1859,  part  2;  Soxhlet,  see  Maly 's  Jahrcsber., 
11,  51 ;  Tscherwinsky,  Landwirthsch. ,  Versuchsstaat,  29  (cited  from  Maly 's  Jahrcsber-. 
13);  Meissl  and  Stromer,  Wien.  Sitzunpsber.,  88,  Abth.  3;  Schultze,  Maly's  Jahrcsber.. 
11,  17;  Chaniewski,  Zeitschr.  f.  Biologic,  20;  Voit  and  Lehmann,  see  C.  v.  Voit,  Sitz- 
ungsbcr.  d.  k.  bayer.  Akad.  d.  Wissensch. ,  1 8S5 ;  I.  Munk,  Virchow  's  Arch.,  101 ;  Rubner, 
Zeitschr.  f.  Iiiologie,  22;  Lummert,  Pfiiiger's  Arch.,  71. 
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lion  of  fat  from  carbohydrates  does  actually  occur.  The  processes  by 
which  this  formation  takes  place  are  still  unknown.  As  the  carbohydrates 
do  not  contain  as  complicated  carbon  chains  as  the  fats,  the  formation  of 
fat  from  carbohydrates  must  consist  of  a  synthesis,  in  which  the  group 
CHOH  is  converted  into  CH3;  also  a  reduction  must  occur. 

Analogous  to  Nencki  's  view  as  to  the  butyric-acid  fermentation,  when 
from  the  sugar  lactic  acid  is  formed  and  from  this  C03H3  and  acetaldehyde 
(CjH40)  are  produced,  and  from  this  latter,  by  the  union  of  two  molecules, 
butyric  acid  is  formed,  so  Magnus-Levy  *  attempts  to  explain  the  forma- 
tion of  fat  in  the  animal  body  from  carbohydrates  by  synthesis  from 
aldehyde  and  reduction.  He  considers  that  the  process  proceeds  in  the 
following  way:  (a)  9C^eO,=9C2H40+9H3+CX)a  and  (6)  90^0+711, 
-C„H„03  (stearic  acid)  +7HjO. 

After  feeding  with  very  large  quantities  of  carbohydrates  the  relation- 
ship between  the  inspired  oxygen  and  the  expired  carbon  dioxide,  i.e.,  the 

CO 
respiratory  quotient  —ft,  was  found  greater  than  1  in  certain  cases  (Han- 

biot  and  Richet,  Bleibtreu,  Kaufmann,  Laulani£  *).  This  is  explained 
by  the  assumption  that  the  fat  is  formed  from  the  carbohydrate  by  a  cleavage 
setting  free  carbon  dioxide  and  water  without  taking  up  oxygen.  This 
increase  in  the  respiratory  quotient  also  depends  in  part  on  the  increased 
combustion  of  the  carbohydrate. 

When  food  contains  an  excess  of  fat  the  superfluous  amount  is  stored 
up  in  the  fatty  tissue,  and  on  partaking  of  food  deficient  in  fat  this  accu- 
mulation is  quickly  exhausted.  There  is  perhaps  not  one  of  the  various  tis- 
sues that  decreases  so  much  in  starvation  as  the  fatty  tissue.  The  organism, 
then,  possesses  in  this  tissue  a  depot  where  there  is  stored  during  proper 
alimentation  a  nutritive  substance  of  great  importance  in  the  development 
of  heat  and  vital  force,  which  substance,  on  insufficient  nutrition,  is  given 
off  as  may  be  needed.  On  account  of  their  low  conducting  power  the  fatty 
tissues  become  of  great  importance  in  regulating  the  loss  of  heat  from  the 
body.  They  also  serve  to  fill  cavities  and  as  a  protection  and  support  to 
certain  internal  organs. 

1  Arch.  f.  (Anat.  u.)  Physiol.,  1901. 

'  Haariot  and  Richet,  Annal.  de  China,  et  de  Phys.  (6),  22;  Bleibtreu,  Pfluger's 
Arch.,  68  and  86;  Kaufmann,  Arch,  de  Physiol.  (5),  8;  Laulanil,  ibid.,  791. 


CHAPTER  XI. 
MUSCLES. 

Striated  Muscles. 

In  the  study  of  the  muscles  the  chief  problem  for  physiological  chem* 
is  try  is  to  Isolate  their  different  morphological  elements  and  to  investigate 
each  element  separately.  By  reason  of  the  complicated  structure  of  the 
muscles  this  has  been  thus  far  almost  impossible,  and  we  must  be  satisfied 
ii  the  present  time  with  a  few  microchemical  reactions  in  the  ii 
gation  of  the  chemical  composition  of  the  muscular  fibres. 

Each  muscle-tube  or  muscle-fibre  consists  of  a  sheath,  the  sabcoloou. 
which  UQultifi  to  Ik*  composed  of  a  Bubst-'iiire  Hinilar  to  elastin,  and  contain- 
ing a  large  proportion  of  proteid.  This  last,  which  in  life  possesses  the 
power  of  contractility,  has  in  the  inactive  muscle  an  alkaline  reaction,  or, 
mure  correctly  speaking,  an  amphoteric  reaction  with  a  predominating 
action  on  red  litmus  paper.  Roh.ma.nn  has  found  that  the  fresh,  inactive 
muscle  shows  an  alkaline  reaction  with  rod  lacmoid,  and  an  acid  reacti* 
with  brown  turmeric  From  the  behavior  of  these  coloring-mattere  with 
\:irious  acids  and  salts  he  concludes  that  the  alkalinity  of  the  fresh  muscle 
with  Eacmoid  is  due  to  sodium  bicarl>oimte,  diphosphate,  and  probably  abo 
to  an  alkaline  combination  of  proteid  bodies,  and  the  acid  nm 
turmeric,  on  the  contrary,  to  monophosphate  chiefly.  The  dead  D 
has  an  acid  reaction,  or  more  correctly  the  acidity  with  turmeric  Increase* 
on  the  decease  of  the  muscle,  and  the  alkalinity  with  iaomoid  decrease-- 
The  difference  depends  on  the  presence  of  a  larger  quantity  of  moni>; 
phate  in  the  dead  muscle,  and  according  I  v.\.\  free  lactic  acid  15 

found  in  licit  bet  'he  one  case  nor  the  Other.1 

If  the  somewhat  disputed  statements  relative  to  the  finer  structure  of  the 
muscles  are  disregarded,  one  can  differentiate  in  the  striated  muscles  be- 
tween  the  two  chief  components,  the  doubly  refracting — am'sorropau*— fttw 
the  singly  refracting — isnlropous — substance.  If  the  muscular  fibr- 
treated  with  reagents  which  dissolve  proteids,  such  as  dilute  hydrorhl'iric 
acid,  soda  solution,  or  gastric  juice,  they  swell  greatly  and  break  m 

1  The  various  theories  in  regard  to  the  reaction  of  the  muscles  and  the  cause  thereat 
are  conflicting.  See  Rohmann.  Pfluger's  Arch.,  50  and  60;  Heffter,  Arch.  i.  <ap 
Path.  u.  Phann.,  31  and  88.     These  references  contain  the  pertinent  literature. 
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1  'Bowman  's  dusks. ' '     By  the  action  of  alcohol,  chromic  acid,  boiling  water, 
>r  in  general  such  reagents  as  cause  a  shrinking,  the  fibres  split  Ion 

lally  into  fibrils;  and  this  behavior  shows  that  several  chemically  differ- 
ent substances  of  various  solubilities  enter  into  the  construction  of  the  mus- 
cular fibres. 

The  proteid  myosin  is  generally  considered  as  the  chief  constituent  of 
the  diagonal  disks,  while  the  isotropous  substance  contains  the  chief  mass 
of  the  other  proteids  of  the  muscles  as  well  as  the  chief  portion  of  the  ex- 
tractives. According  to  the  observations  of  Danilkwsky,  confirmed  by 
J.  Hoi.mcjrkx,1  mv.  sin  may  be  completely  extracted  from  the  muscle  with- 
out changing  its  structure,  by  means  of  a  5  per  cent  solution  of  ammonium 
chloride,  which  fact  contradicts  the  above  view.  1  mmi.kwsky  claims  that 
another  proteid-like  substance,  insoluble  in  ammonium  chloride  and  only 
swelling  up  therein,  enters  essentially  into  the  structure  of  the  muscles. 
The  proteids,  which  form  the  chief  part  of  the  solids  of  the  muscles,  are  of 
the  greatest  importance. 


Proteids  of  the  Muscles. 


Like  the  blood  which  contains  a  fluid,  the  blood-plasma,  which  sponta- 
neously coagulates,  separating  fibrin  and  yielding  blood-serum,  so  also  the 
living  muscle,  at  least  of  cold-blooded  animals,  contains,  as  first  shown  by 
Kihne,  a  spontaneously  coagulating  liquid,  the  muscle-plasma,  which  coagu- 
lates quickly,  separating  a  proteid  body,  myosin,  and  yielding  also  a  serum. 
That  liquid  which  is  obtained  by  pressing  the  living  muscle  is  called  muscle- 
■plasma,  while  that  obtained  From  the  dead  muscle  is  called  muscle-strum. 
These  two  fluids  contain  different  proteid  hod 

Muscle-plasma  was  first  prepared  by  Ki  hvf.  from  frog-muscles,  and 
later  by  ELbLLEBUHTON,  according  fa  fcb  method,  from  the  muscles 

of  warm-blooded  animals,  especially  rabbits.  The  principle  of  this  method 
is  as  follows:  The  blood  is  removed  from  the  muscles  immediately  after 
the  death  of  the  animal  by  passing  through  them  a  strongly  cooled  common- 
ilution  of  6-6 p.  m.  Then  the  muscle.--  arc  quickly  cut  and  immediately 
thoroughly  frozen  so  that  they  can  be  ground  in  this  state  to  a  fine  mass — 
-now."  This  pulp  is  strongly  pressed  in  the  cold,  and  the  liquid 
ides  is  called  muscle-plasma.  According  to  v.  I-Y  iitti  2  this  cooling 
or  free  KOiy.     It  Is  sufficient,  to  extract  the  muscle  free  from 

blood,  as  above  directed,  with  a  6  p.  m.  common-salt 


1  l>anil'--.  -I ••, .  v.i\\  whr,  f.  pbysiol,  ('hem.,  7;  J   Botntgran,  MsJy'a  Jahratocr.,  23. 

'See  Kuhne,  Uatcroaehungen  Bbar  das  Protoplasma  (Leipzig,  1S(»4),2;  ILillilmr- 
ton.  Juum.  of  Physiol  .  8  \  Purth,  Arch.  f.  exp.  Path.  u.  I'harnv,  36  and  37;  Hot 
master's  Reitrage,  3,  and  Ergcbnisse  der  Physiologic,  1,  Abt.  I;  Stewart  and  Soli- 
rninn.  Jouni.  of  Physiol.,  1\. 


MUSCLE. 


Muscle-plasma  forms  a  yellow  to  brown  i-di-<-olored  fluid  with  ov  akaline 
reaction.  It  is  somewhat  different  in  different  animals.  Muscle-plasma 
from  the  frog  spontaneously  coagulates  slowly  at  a  little  above  0°(. 
quicker  at  the  temperature  of  the  body.  Muscle-plasma  from  mammals 
coagulates,  according  to  v.  Firth,  even  slowly  at  the  temperature  of  the 
morn,  though  only  slightly.  nn<l  it  can  hardly  be  considered  as  a  process 
comparable  with  the  coagulation  of  the  blood.  Indeed  the  question  maybe 
asked  whether  a  true  muscle-plasma  does  exist  in  warm-blooded  animals, 
or  whether  the  fluid  obtained  from  such  muscles  exactly  represents  the 
plasma  of  the  living  muscle.  According  to  KDhni  and  v.  Ft  an  the  reac- 
tion remains  alkaline  during  coagulation,  while  acrording  to 
Stewart  and  Sou.mann,  it  becomes  acid.  According  to  the  older  views 
the  clot  consists  of  globulin  and  myosin,  while  v.  Furth  claims  that  it  con- 
sists of  two  coagulable  proteids,  myosin  fibrin  and  myogen  fibrin. 

The  study  of  the  j.r. »t.'i«ls  of  the  muscles,  as  well  as  their  nomenclature, 
has  changed  markedly  in  the  last  few  years  and  it  is  qn- 
an  essential  difference  between  the  piOteids  of  the  inu.s«de-|'lasniaawl 

the  muscle-serum  of  warm-blooded  animals.     Nevertheless  it   i-  iinessar/ 
to  separately  discuss  the  protei  I    OJ  the  dead  I  AS  well  as  those o 

the  milSi  ua. 

The  pmlriih  of  the   dead  muscle  are  in  part  soluble  in 
salt  solutions,  and  part  are  insoluble  therein.     Myosin  ami   imisculin  and 
also  myoglohulin  ami  myoalhunrin.  which  exist  t<>  a  very  slight  extent  and 
iiiv  perhaps  onry  derived  from  the  remaining  lymph,  beloo 
group,  and  the  stroma  substances  of  the  muscle-tubes  belong  to  r 

up. 

Myosin  was  first  discovered  by  Ki'nvrcr  and  constitutes  I 
mass  of  the  soluble  proteids  of  the  dead  muscle,  and  is  generally  a 
as  the  most  essential  coagulation  product   of  musrie-plasma.    With 
name  myosin  KttHNl  also  dedguatefl  the  mother-substance  of  the 
clot,  and  this  mother-substance  forms,  according  to  certain  inv< 

chid  mass  of  contract  i  plasm.     The  statements  as  to  the  ocrur- 

iu  other  organs  besides  the  muscles  require  further  proof. 
The  quantity  of  myosin  in  the  muscles  of  different  animals  varies,  a- 
ing  to  Danii .kwskv,1  between  30  and  110  p.  m. 

Myosin,  as  obtained  from  dead  muscles,  is  a  globulin  whose  elementary 
composition,  according  to  Chittenden  and  (Vmmin*,2  is.  on  an  averap?- 

following:  C  52.82,  H  7.11,  N  16.17,  S.  1.27,  O  22.03  per  cent.    I 
myosin  separates  as  fibres,  or  if  a  myosin  solution  with  a  minimum  qttSl 
of  alkali  is  allowed  to  evaporate  on  a  microscope-slide  to  a  gelatinous  mass, 
doubly  refracting  myosin  ma\  be  obtained.     Myosin  has  the  general  prop- 

'  Zeitechr.  f.  physiol.  Chen..,  7. 

1  Studies  from  the  PhyaioL  Cham.  Laboratory  of  Yale  College,  New  Haveu,  1,  lli 
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of  the  globulins.     It  ia  insoluble  in  water,  but  Boluble  in  dilute  b 
nluti  'II  m  dilute  aodda  or  alkalies,  which  read  '■  earl  it  into 

albuminate.     It  tfl  completely  precipitated  upon  saturation  with  N'aCl,  also 
V  iti  a  solution  containing  \n  per  cent  of  the  salt  with  its  water  of 
crystallisation  (Halle  itated  myosin  beet  >luble 

o  fibrinogen  it  coagulates  at  W8  C    In  a  solution  containing 
common  salt,  but  diffi  a  it  since  under  no  circuit  H  be 

converted  into  Bbiin.    Tin-  coagulation  temperature,  according  to 

»1  only  varies  for  myosins  of  different  origin,  but  also 
for  the  same  myosin  i  it  sail  solutions. 

Myosin  may  be  prepared  in  the  following  way.  as  suggested  by  Halli- 
burton: The  muscle  ia  firs!  extracted  by  a  a  per  cent  m 
llution.    The  filtered  extract  ia  then  treated  with  magnesium  sulphate  in 

.nee  until  LOO  B.  C.  "f  (he  liquid  contain*  about  SOgramS  ')f  the  salt. 

-o-callod  paranrj  Buhn  separates.    The  filtered  liquid 

is  then  treated  with  d  ilphate  until  each  100  o.  D.  of  the  liquid 

holds  M  -/ranis  of  the  salt  in  solution.    The  myosin  whioh  now  separatee 
is  filtered  off,  dissolved  in  water  by  aid  of  the  I  salt.  pr< 

by  diluting  with  water,  and,  when  neeesaary,  purified  by  redjssolving  in 
dilute  salt  solution  and  pi  ting  with  water. 

The  older  and  perhaps  the  usual  method  of  preparation  consists,  accord - 
:  i  .\ii.kwskv.'  in  extracting  the  muscle  wrtn  b  •">  w  per  eent  ammo- 
-chloride  solution,  precipitating    the   myosin    from   the   filtrate   by 
:-ly  diluting  with  ins  the  precipitate  in  ammonium- 

chloride  solution,   and    the   n.yosin   obtained    from    tnifl   solution    is  either 
sdpitated  by  diluting  witt  t»  by  removing  the  sail  by  dial 

Musculin,1  called  P.vRAArYosiN-x; in  1>\  IIallii  indHTOOINb] 

ii.  is  a  globulin  which  is  characterized  by  its  low  coagulation  tempera- 

about    -17°   C,  Which    may   vary    in  difYereni    Species  of   animals  (  |."r' 

in  frogs,  51°C  in  birds).    If  ia  more  easily  pn  d  than  myosin  by 

MgSO<  (salt  i  '  per  cenl  water  of  cry  Ac- 

tuated by  ;mii!ionium  sulphate  with  a  con- 
If  the  dead  muscle  is  extracted  with 

the  mUSCUlin  goes  into  solution  and   may  be  precipitated 

iroru  by  carefully  acidifying.     It  separates  from  a  dibit.  ution 

OH  d  ito  an  insoluble  modification  which 

..  1-  rnTU  calls  myosin  i  is  called  myosin  by  v.  FOrtb,  as 

onaden  it  nothing  but  myosin.    As  museuhn  has  a 

i  ore  and   has  other  precipitating  properties  for  neutral  salt* 
the  older  substance  called  .  it  is  difficult  to  concede  to  t) 


1  Zritxhr.  f.  physioL  Chem.,  .'>.  ISA. 

1  As  we  have  up  to  the  i  conclusive  bmM  for  the  identity  of  the  glnfmlina 

called  myosin  and  paramyosinogen,  and  also  as  the  use  of  the  name  myosin  for  thi 
mentioned  sul>-  readily  cause  confusion,  the  author  does  not  feci  justified 

I'l'ing  the  old  name  musculiu  (Nasae). 


MUSCLE. 


liiibulin.  After  the  separation  of  the  musmilin  and  the  myosin  from  tb* 
salt  extract  of  the  muscle  by  means  of  MgS()4  the  myoglnbulin  may  he  precipitated 
by  saturating  tin-  filtrate  with  the  wilt.  It  is  similar  to  serglobulin,  but  cuagu> 
latea  at  63°  C.  (Halliburton).  M ynnlbumin,  or  muscle-albumin,  seems  to  be 
v.ith  seralbumin  . -rTiilbumin  Ct,  according  to  Halliburton!),  and  prob- 
ably only  originates  from  the  blood  or  the  lymph.  Proteoses  i  >nee do 
DOt  seem  to  exist  in  the  fresh  muscles. 

\iii-r  the  complete  removal  from  the  muscle  of  all  proteid  bodies  which 
are  soluble  in  water  and  ammonium  chloride,  an  insoluble  proteid  remains 
which  only  swells  in  ammonium-chloride  .solution  and  which  forms  with 
the  other  insoluble  const  it  nents  of  the  muscular  fibre  the  "  musdestromn." 
tiding  to  Danii.kwsky  the  amount  of  such  stroma  substance  is  con- 
netted  with  khe  muscle  activity.  lie  maintains  that  the  muscles  contain 
a  greater  amount  of  Una  substam  pared  with  the  myosin  present, 

when  the  muscles  are  quickly  contracted  and  relaxed. 

According  to  J.  Holmgren  1  this  stroma  substance  does  not  belong  to 
either  tin-  nucleoalbumin  or  the  nuch'oproteid  group.  It  is  not  a  gluco- 
proteid,  as  it  does  not  yield  a  reducing  substance  when  boiled  with  dilute 
mineral  acids.  It  is  very  similar  to  the  coagulablc  proteids  and  dissolves 
in  dilute  alkalies,  farming  an  albuminate.  The  elementary  oompasltlooaf 
06  is  nearly  the  same  as  that  of  myosin.  There  is  no  doubt 
that  the  insoluble  substances,  myofibril!  and  myosin  fibrin,  which  are 
formed,  according  to  \ .  1T-rth,  in  the  coagulation  of  the  plasma,  occur  also 
among  the  stroma  substances.  When  the  muscles  are  previously  extracted 
with  water  the  stroma  substance  also  contains  a  part  of  the  myosin  hereby 
made  insoluble.  To  the  proteids  insoluble  in  water  and  neutral  salts  bi 
the  micUaproltid  detected  by  PEgCELHAMMQ,*  and  occurring  as  traces  and 
soluble  in  faintly  alkaline  water,  and  which  originates  probably  from  the 
muscle  nuclei.  According  to  Bottazzi  and  Ducceschi  the  heart  muscle  a 
richer  in  nucleoproteid  than  the  skeletal  muscle. 

Mwscle-*>j'iU>iiiti,  trbififa  may  be  obtained  by  ext  I  lie  muscles  with  hv<in> 

chloric  acid  of  1  p.  in.,  and  which,  according  t<>  K.  MoBNER,  is  less  soluble  »nd 
has  a  greater  aptitude  to  precipitate  than  other  arid  albumins,  seems  not  tooc*"1 
preformed  in  toe  muscles. 

Proteids  of  the  Afmcle-plasmn.  As  above  stated,  myosin  was  ordinarily 
idered  as  the  coagulated  modification  of  a  soluble  prou  i«i  eada 
muscle-plasma.  As  in  blood-plasma  there  is  present  a  mother-substanee  of 
fibrin,  fibrinogen,  so  also  there  exists  in  the  muscle-plasma  a  mother-substance 
of  myosin,  a  soluble  myosin  or  a  myosinogen.  This  body  has  not  thus  far 
been  isolated  with  certainty.   Halliburton,  who  has  detected  in  the  muscles 


1  See  foot-note  1,  page  377 

1  Pekelharing,   Zeitschr    f.  physiol.  Chera..  22;    Bottazzi  and  Ducceschi.  CeutralbL 
f.  Physiol.,  12. 
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an  enzyme-like  substance,  "myosin  frrmcnl,''  has  also  found  that  a 
tion  of  purified  myosin,  in  dilute  salt  solution  (5  per  cent  MgS<\'),  nod 
eiently  diluted  with  water,  coagulates  after  a  certain  time,  and  at  the  same 
btOQJQMB  acid,  and  a  typical  myosin-clot  separates.     This  coagulation, 
which  is  accelerate<l  by  warming  or  by  the  addition  of  myosin  ferment,  is, 
according  to  1Iai,lihi;rton,  a  process  analogous  to  the  coagulation  0 
muscle-plasma.     According  to  this  same  investigator,  myosin  when  dis- 
solved in  water  by  tin  aid  of  a  neutral  salt  is  reconverted  into  myosinogen, 
while  after  diluting  with  water  myosin  is  again  produced  from  the  myosin- 
ogen.   The  musculin  (paramyosinogen}  is  carried  down,  according  to  IIal- 
ktdn,  with  the  myoein-clot,  bul  has  nothing  to  do  with  thoooaguU 

.sin-<lot  forms  also  in  the  absence  of  musculin,  and  this  last  is  not 
changed  into  my< 

Besides  the  traces  of  globulin  and  albumin,  which  perhaps  do  not  belong 
:    muscle-plasma,  there  occur  in  mammals,  according  to  v.  I'ritrii,  two 
proteids,  namely,  musculin  (myosin  according  to  v.  FOrth)  and  myogen. 

IfoBcuuN    (Mabbe)  ■paramyosinogen    (HAi.uuirKTnv}  -myosin     (v. 
Frit-rn)  forms  about  20  per  sent  of  the  total  proteids  of  the  musele-plasi 
of  rabbits.    Its  properties  have  already  beei  and  it  ia  wifficienj  to 

larfc  that  its  solution-  beootne  cloudy  on  standing,  and  a  precipitate  of 
myosin  fibrin  occurs,  which  is  insoluble  in  salt  solutions. 

Myogen,  or  ynr<  (H.u.unrnTox),  forma  the  ohief  mass,  75-80 

per  cent  of  th-  tussle  plasma.    It  does  not  separata  I 

solutions  on  dialysis  and  is  sot  a  true  globulin,  but  a  protein  nsfis. 

It  coagulates  at  55-65°  C.  and  ■  precipitated  in  the  presence  of  24-40  per 
cent  ammonium  sulphate.     Myogen  solutions  are  precipitated  by  Si 

In  the  presence  of  some  salt.    It  is  converted  into  an  albuminate 
kalies,   this  albuminate  being  prccipitable  by  ammonium  ehlo 
Myogen  passes  spontaneously,  especially  with  higher  temperatures  as  well 
as  in  the  presence  of  salt,  into  an  insoluble  modification,  myogen  fibrir, 

OSgulating  at  30-40° C...  soluble  myogen  fibrin  is  jiroiluc.il  as  a  solu- 
ble intermediate  step.    This  substance  OOOUTB  to  a  considerable  extent  in 
native  frog-muscle  plasma.     It  does  not  always  occur  in  the  muscle-plasma 
of  warm-blooded  animals,  and  when  it  docs  it  ifl  present  only  to  a  <li:lit 
I .   It  can  be  separated  by  precipitating  with  salt  or  by  diffusion.     1 1  a  l- 
-  's  assumption  as  to  the  action  of  a  special  myosin  ferment  has  not 
it nt  basis,  according  to  v.  Furtii.  nor  has  the  often-admitted  analogy 
with  the  coagulation  of  the  blood.     The  difference  between  the  musculin 
and  the  I  Vcoming  insoluble  is  t£  auscufin  passes  into  myosin 

fibrin  without  any  soluble  intermediate  steps. 

Ifuogsn  may  be  prepared  according  to  v.  1'irth,  by  transiently  heating 
Bed  ami  filtered  plasma  to  52°  C.  separating  it  in  this  way  from  the 
of  the  musculin.     The  myogen  exists  in  the  new  filtrate  and  can  be 
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pretipit&ted  by  ammonium  musculin  may  also  be  removed 

by  a  eat  ammonium  sulphate  and  then  pi  ing  the  myogeo 

iltrate  by  saturating  with  the  salt. 

!  Sni,i.M\  I  of  only  two  soluble  protein's  in  the  mus- 

(  me  is  the  para i  I  hich  is  the  same  as  v.  Ftfrrrn  's  my- 

tin-  Boloble  myogenfibrin.    The  other  they  call  m\  ■  t,  which  conv. 

feo  v.  l'i'KTi! 's  myogoii  f|r  to  Hallibi  myoainogen  hrayoglobnlk 

It  is  an  atyf m-al  globulin  which  eoagatetBS  at  53-60°  C.  'I"he  paramyosinogen 
as  well  as  the  myosinogen  are  readily  converted  into  an  insoluble  modifi- 
cation, myosin.  The  myosin  of  thfl  above  investigators  i-  the  same  as 
v.  I ■''  ii  fibrin  +  myogen  fibrin,  and  corresponds,  it  seems, also  to 

-in  ini.veil  with  f>aratn  .Stewart  ami 

mann  differ  from   Halliburton    in  considering  that  par  am  1  il» 

coagulates  and  0  converted  into  myosin.  According  to  them  myosin  is 
also  insoluble  in  a  NaCl  solution. 

The  views  of  the  various  in-  rs  differ  so  essentially  and  the  & 

elature  is  80  complicated  (four  different  thi  designated  by  the  name 

myosin)  thai  it  ia  extremely  difficult  to  give  any  correct  review  of  the  van- 
ous  notions.1    Thorough  investigations  on  this  subject  are  very  necessary. 
Myoproteid  is  a  p  rote  id   found  b)  :n  in   the  plasma  from  fish- 

muscles.  It  does  not  coagulate  on  boiling,  is  precipitated  by  acetic  sod, 
and  i  d  M  a  compound  protcid  by  v.  I-'Quth. 

In  connection  with  v  1  t Urn's  work,  Przihram  has  carried  on  invesligatxins 
ii-  o. .  uir.ii- .•  of  muscle  proteidfl  i'»  various  claasea  of  animals.  The  mvoan 
i\.  Fi  k in i  aad  nyogen  occur  in  ull  classes  of  vertebrates;  the  myogon  is ul«r»ya 
absent  in  the  invertebrates.  Myoproteid  occurs,  at  least  in  considerable  quantity, 
only  in  fishes.  In  the  muscle  after  cutting  the  nerve  SrsntKR'  found  s.>mewhat 
DBore  DUSeuHs  and  less  myogen  in  the  muscle  juice  than  hi  the  normal  muscle. 

Mwdo-piffmerUt,     There  is  no  i|iii  BUSaGI 

i  when  completely  freed  from  blood  depends  in  part  on  baernogl 
K.  M"i:m  ::  b  tb  thai  musi  I-  lobin  is  not  quite 

bloo  ■. lobin.    The  statemenl   of   MoMunn,  that   in    the  mi 

another  pigment  occun  which  is  allied  to  bjunochromogen  and  called  tny>- 
h.im.itiij  by  him.  has  not  been  sulistantiated.  ai  leasl  for  muscles  of  higher 
animals  (Lkvv  anil  Mokvku  ■),  M  loMuNN  claims  that  myohceraatin  occurs 
in  the  muscles  of  insects,  which  do  not  contain  any  haemoglobin. 

I'lir  red.li-li-vi  lion-  coloring-matter  of  the  muscles  of  the  salmon  has  b< 
studied.    Among  the  enzymes  of  the  muscles  besides  traces  of  Bhii 

1  Pot  these  reasons  the  author  "w  not  sure  whether  he  has  understood  and  correctly 
given  the  work  of  the  different  investigators. 

1  Przibram,  Hofmeister's  Beitr-ige,  2;  Stoyrer,  ibid.,  A. 

*8ee  MacMunn,  Phil.  Trans,  of  Roy.  Soc.,  177,  part  1,  Journ.  of  Physiol ,  R,  and 

hr.  f.  physiol   Gbem.,  It;   Levy,  ibid.,  13;   K.  Momer,  Nord.  Med.  Archiv.  Fa** 

bond.  1S07,  and  Maly's  Jahresber.,  27. 
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lyosin  ferment,  and  amvlob  must  especially  mention  a  glycolytic 

enxyu  ton     od  KflODBB)  and  the  :  ied  by 

.  and  ROWLAND,1  which  may  bo  &Ctire  in  acid  as  well  as  neutral  and  alkaline 

1  'lis.     The  power  "f  the  muscle  juice  of  destroying  sugar  in  the  presence  of 

the  pancreas  (see  Chapter  VIII),  as  first  shown  by  Coiiniikim,  also  belongs  perhaps 

to  the  enzyme  action. 

Extractive    Bodies   of  the   Muscles. 

The  nitrogenous  extractives  u  tiv  •>;  unan  average  of 

1-4  p.  m.,  in  the  fresh  muscles  containing:  water,  also  the  purin  batet,  hypOXtttlr 
thine  and  xmdhiu  guanine  and  cartu'nr.  but  chiefly  hypoxantl 

fho  piirin  binm pmnnh  I  occur  as  such  but  as  complex  con, I  in.i 

The  quantity  of  nitrogen  ||  purin  base-  .  aOOOffdlofl  to  BlIBIi 

Ball,  in  the  fresh  Bash  of  the  ho  md  calf  b  0.63,  and 

velv,  or  1.3-17  p.  m.,  calculated  as  hypoxatuhino.     In  the 
■  found  more  guanine  uthine. 
Among  the  habitually  oc             oitrogenot                   -  we  should  men- 
tion phospJiocarnic  arid  and  al id,  which  is  perhaps  allied  to  it 

ami  carnosin. 

Aii  stmethra  subsances  is  also  found  the  acid  noticed  by  Limpricht 

jrprinidea,  namely,  the  nitrogoniaed 
1  round  bj  .1.  Thes«n  in  fish-flesh. 

he  mil  i  I  of  animal.-. 

I  ii?  amount  of     :  rent  extt  u  the  muscles,  KmuvKV- 

bero  ,\i:h'  have  shown  that  it  varies  greatly  In  dil 

large  quantity  of  urea  is  found  in  of  the  shark  and  ray;    uric  arid  is 

.  taurin  in  cephalopoda;  inmoQuti 

nii.l  in   hi  varus  imperialis,  The   reporta   arc  very  contra- 

ird  to  the  occurrence  of  urea  in  the  muselea  of  higher  an 
to  the  investi  of  Kaotmann  and  BobOndorfv,  confinned  by 

una    is    a   regular   constituent    of    the    muscles,   although 
M.  Nemcu  and  Kowarsju  dispute  this. 

The  xanthine  bodies  with  the  exception  of  earnine  have  been  treated 

on  pages  L32-437,  and  therefore  among  tlie  extractive  bodies  we  will  first 

consider  the  areata 

/NH, 
Creatine,  ('4H,N30,.  (IIN)C<  ,  or  methvlguanidin- 

xN(CH^.CH1.OOOH 

•    acid,  occurs    in    the   muscles   of    vertebrate   animals   in  variable 


unton  and  llhodes,  Ccntralbl.  f.  Physiol.,  12;    lledm  and  Rowland,  Zeitschr. 
f.  physiol.  Chan.,  32. 

and  Hall,  '/■•  r  lehr.  f.    I ;.  ioL  Chcm.,  *8;  Kascl.  ibid.,  8,  408. 
'See  Limpricht.  Annal  u.  Plmrm.,  127,  and  Tbcscn,  :'.  phyaiaL 

Chere..  24. 

*  Zoitschr.  f.  Biologic,  21 

*  Kaufraann,  Arch,  de  Physiol,  {&),  6;  SchondorfT,  PfKjpr'.-  Sn-li  .  62;  N'encld 
and  Kowareki,  Arch.  f.  exp.  Path.  u.  Phann.,  30;  Ilninton-lilakie.  Joura.  of  Physiol., 
28,  Supplement. 
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amounts  in  different  species;  the  largest  quantity  is  found  in  birds. 
According  to  Monari  the  amount  is  increased  by  work  "when  a  part  of 
tin-  creatine  is  transformed  into  creatinine.  It  is  also  found  ia  the 
HI,  blood,  transudates,  and  the  amniotic  fluid.  Creatine  may  be  pre- 
pared synthetically  from  cyanamide  and  sarcosin  (methylglycocoll).  Oc 
boiling  with  barvta-watcr  it  decomposes  with  the  addition  of  water  and 
yields  urea,  sarcosin,  and  certain  other  products.  Because  of  this  be- 
havior several  investigators  consider  creatine  as  a  step  in  the  formation  of 
urea  in  the  organism.  On  boiling  with  acids  creatine  is  easily  con-. 
with  the  elimination  of  water,  into  creatinine,  C,H,N,0,  which  occurs  in 
urine,  and  which  has  also  been  found  in  the  muscles  of  the  dog  by  Monari' 

I  ihaptar  XV). 

crystallizes  in  hard,  colorless,  monoclinic  prisms  which  lose 
their  water  of  crystallization  at  100°  C.  It  is  soluble  in  74  parts  of  water 
at  the  ordinary  temperature  and  9410  parts  absolute  alcohol.  It  disBoHwi 
more  easily  with  the  aid  of  heat.  Its  watery  solution  has  a  neutral  reaction. 
Creatine  is  not  dissolved  by  ether.  If  a  creatine  solution  is  boiled  with 
precipitated  mercuric  oxide,  this  is  reduced,  especially  in  the  presence  of 
i,  to  mercury  and  oxalic  acid,  and  the  foul-smelling  methylurainiiic 
(rin  thylguanidine)  Is  developed.  A  solution  of  creatine  in  water  is  not  pre- 
cipitated by  basic  lead  acetate,  but  gives  a  white,  flaky  precipitate  with 
mercurous  nitrate  if  the  acid  reaction  is  neutralized.  When  boiled  for  an 
hour  with  dilute  I  inc  is  converted  into  creatinine  and 

may  be  Identified  by  its  reactions.  On  boiling  with  formaldehyde  it  can 
be  transformed  into  dioxymethylencreatinine,  which  crystallizes  readily 
[JaffA  a). 

The  preparation  and  detection  of  creatine  is  best  performed  by  the 
following  method  of  .\i KTBAUER,1  which  was  first  used  in  the  preparation 
of  creatine  from  muscles:    Finely  out  meat  is  extracted  with  an  equal  l 
of  water  at  f><)°  to  55° C  for  10-15  minutes,  pressed  and  extracted  acain 
with  water.      The  pruteids  are  removed  from  the  united  extracts  as  far  as 

possible  \i\  coagulation  at  boiling  heat,  the  filtrate  precipitat 

of  basic  lead  acetate,  the  lead  ramoi  ed  from  this  Blta 

and  carefully  concentrated  to  a  small  volume.    The  en  err*- 

t.-dlizes  in  a  i  is  collected  on  a  filter,  washed  with  alcohol 

it,  and  purified  when  necessary,  by  reerystallisation.      The  quantitative 
creatine  B  performed  according  to  the  same  method. 

Isocreatinine  is  a  creatinine  isomeric  with  ordinary  creatinine  and  found  by 
Thkskn  *  in  the  tlesh  of  the  codfish.  It  crystallizes  in  yellow  needles  or  plata. 
is  more  soluble  in  cold  water,  but  more  insoluble  in  alcohol,  than  the  ordinary 
creatinine,  and  gives  a  picratc  which  u  readily  soluble  and  a  zinc  chloride 

•  Maly'a  Jahresber.,  19,  296. 
1  Bar.  d.  d.  chem.  Gesellsch.,  35. 

•  Zeitschr.  f.  phywol.  Chcm.,  £  and  6. 
*L.c. 
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bination  which  is  relatively  readily  soluble.     It  gives  Wkyl  's>  reaction  less  rapid]} , 
and  does  not  give  methylguanidine  on  treatment  with  potassium  permanganate. 

Camine,  CnH,X,0,  +  IIj<»,  L*  on*  of  the  ffllhrrtlflflfl  found  by  Weidel  in 
ncan  meat  extract.     It  has  also  bean  found  by   Kki:kknhkh<;  and 
kii  in  rrog-museke  and  in  the  flesh  of  fishes,  and  by  Pouch et  ■  in  the 
urine.    Carnifte  may  i"-  transformed  Into  hypoxanthine  by  oxidation. 

('amine  has  bean  obtained  M  a  white  crystalline  mass.  It  dissolves 
with  difficulty  in  oold  VAter,  but  more  readily  in  warm.  It  is  insoluble  in 
alcohol  and  ether.      Ii  .arm  hydrochloric  add  and  yields  a  salt 

crystallising  in  shining  need  lea,  which  gives  a  double  combination  with 
mini  chloride.    Its  wa-  ition  Se  preoiph  silver  nitrate  but 

this  precipitate  is  dissolved  neither  by  ammonia  nor  by  warm   nitric  acid. 
Can,:  -     not    give    the    sit-called    Wkidkl's    xanthine  Its 

y  eolation  u  prei  I  by  basic  lead  acetate;  still  the  lead  com- 

bination may  be  dissolved  on  boiling. 

Gamine  is  prepared  by  the  f  method:  The  meat  extract  dilu ted 

■i    by    baryta  The  filtrate  is 

ipitated  by  basic  lead  acetate,  the  lead  precipitin.-  bofled  with  water, 

altered  w  Iphnretted  hydrogen  pniwind  through  the  filtrate. 

the  lead  sulphide  from  the  filtrate  and  oono  ogry.  Ti  «• 

ited  solution  is  now  completely  precipitated  with  silver  nitrate, 

■.-In -d  tree  from  silver  chloride  by  ammonia,  and  the  earnine 

I  in  water  and  treated  with  sulphuretted  hy 

Carnosin,  C.Il,,N,0.i.  has  been   isolated    by  Gulewitsch  and  Ahmhiadjudi  * 
i acts.     It  is  a  base  which  is,  perhaps,  related  to  argiuin,  ai 
readily  soluble  in  in  flat    needles.      It    is    preci| 

ingBtic  acid  and  by  silver  nitrate  in  the  presence  of  an  BX0S8B  of  I 

inns  a  copper  compound  which  crystallizes  in  hexagonal  pi 
The  base,  rm  dated  03  Eh  u  \  □  \.k.  seeormng  to  I 

nak  eadaverin. 

Phosphocarnic    acid  '  is  a  complicated  substance,  first  isolated    by  BltttfBUB 

meat  extracts,  which  wage  products  succinic  add.  paral 

i-arbon   dioxide    phosphoric   acid,  and  &  oarbohydrate  group,   Ix-side-H  the 
acid,  which  i  rait  ted  to 

1 1    stands,   according  to  Bibofrj  close  relationship  to  the 

nucleins,  and  as  it  yields  peptone  (caroic  acid),  it  is  designated  as  a  nvdeon  by 
bocarnic  i  ipitated  as  an 

in  the  extract  <>f  the  mi 
ihocarnic  acid,  calculate  u  be  determined  by  multiplying 

1  Weidel.  Anna!  d.  Cham.  u.  Pharm.,  168;   Wagner,  SitzunjpU.or.  <I    Wttn 
med.  Gesellsch.,  1883;    Pouchet,  cited  from  >    il> ;  i  r  Huppert.  Analyse  d«  Haraec, 
10.  Al 

1  Zeitschr.  f.  physiol.  Chcro..  »i. 

1  Etard  and  VUa,  Oampt  rend.,  155:  Posternak,  ibid, 

'  b  Tic  acid  and  phosphocarnic  acid,  in  the  works  of  Siegfried, 

Du  P  od'aArch    1884,  Ber.  d.  deutech.  Chan  h.,  2s.  and 

I  ben  .  21  and  28;  M  Mull  22:   Knicer.  ibid.,  22  and  8S;  Palke  and 

Ide.  ibid..  21,  and  Palke,  ibid  .  22;  Macleod.  ibid..  28. 
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the   quantity  of  nitrop  n    in   tin  by  the-  factOZ  |  ttoft 

i  In  this  \v:i  :iki>  found  0..37  2.4   p.m.  carnir  add   ifl  the  resting 

.  and  M«  Mi  m.kk  1-2  p.  m.  in  the  muscle  of  ad"  inui- 

i.  of  o..'»7  i'-  no  in  those  of  new-born  innmts.    Pfrosphocanric  add  ha&w* 

ipared  In  tin-  para  stats  ;""i  possesses  "mpo- 

i  v  es  as  a  N  be  muscles  and 

onsvmsd  during  work.    Besides,  by  means  of  its  pro  forming  soluble 

•.'.nh  the  aUral  •  an  iron  com1 

:i  means  of  tl 

PfaaBphoeaitdo  acid  ia  prepared  from  the  vw< 
removing  the  phosphate  by  t'aO,  and  Ml,.    The  acid  '    precipitated  hy  ferric 
;li.    oltrat 

Inosinic  add  has  been  d  on  pan  128.       We  must  also  include  among 

the  nitrogeooi  ihoee  bodies  much  discovered  by  («M"Tua 

and  -I  very  small  quantities,  nan  i  ncs,  xaxAv 

croi!  ,• •."),  cruxocrcalininc,  (\H5N40,  amphicrmtinu..  .   ('I!    \ .« ►,,  and 

psseufJornnthitif,  '  ,1  I- \-(). 

In  the  anaiyabaf  meat  anil  Cot  tba  detection  and  separation  of  tin.-  various 
bodies  «>f  the  sam<  e  use  of  the  -•;.  method  as  sunesud 

br,j  for  details  of  which  the  reader  is  referred  to  the  original  article. 

The  non-nitrogenous  extractive  bodies  of  the  muscles  are  inosite, glyco- 

ugar,  and  lactic  at 
Inosite,  C-H^0,+H,O-CBHi(OE),+HaO.     Tliis  body,  discovered  bjr 

SCBBBSB,  IS  DOl  a  earbohvdrale.  hut  a  hexahydroxylH-n/eim  .  -VET). 

With  hydriodic  acid  ii  yields  bsnsene  and  tri-iodophenol.     i1 

in  the  muscles,  liver,  spleen,  leucocytes,  kidneys,  suprarenal  nines, 

brain,  testicles,  and  in  the  urine  m  pathological  cases,  and  as  titut 
normsj  urine.     It  is  found  very  widely  distributed  in  the  vegetable  king- 
dom lly  in  unripe  fruits  and  in  green  beans  (phaseolus  vuIq 
ami  therefore  it  is  also  called  piiaskomannit.    According  to  Wi 
s  phosphorized  compound  occurs  in  the  vegetable  kingdom  wl 

lea\  age  product.     This*  compound  is,  arcordii  I 

probably  oxymethylphosphoiie  add,  which  al  i  !  ite  on  decom- 

inii  by  condensation. 

Inosite  crystallizes  in  large,  colorle-  i  the  monocline 

or,  if  not  pure  and  if  only  a  small  qn  -Muses,  it  forms 

groups  of  fine  Crystals  similar  to  cauliflower.     It  lose  ST  of  erystallia- 

tion  at  110°  i  cpoBSd  to  tin-  air  for  a  long  time.    Such  exposed 

tab  are  non-transparent  and  milk-white.     The  crystals  melt  at  23 

i  dry.     Inosite  dissolves  in  7.5  parts  "f  water  a1  .'iperature, 

and  thaaoluti  ■  •.■li-ih  taste.     I;  ii  insoluble  En  strong  alcohol iba 

in  ether.     It  BS  cupric  hydrate  in  alkali  but  does  not 


rahnsber.,  Id,  523. 

'  ii        '.      365. 

»  Bull,  de  la  8ml  ("him.  (2),  47  and  -IS;  Compt  rand,  UN 
M.  I  •■  i    d    d    ■  -1 1. -iii .  GaaeUach..  SO;    Poal  a  I' Mixta 

cliim  tie  1 'assimilation  chloroph>  llienne,  Revue  generate  de  Botaaiqoe,  12  (1900). 
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reduce  on  boiling.  It  gives  negative  results  with  Moore's  test  and  with 
Uottger-Almen 's  bismuth  test.  It  does  not  ferment  with  beer-yeast, 
but  may  undergo  lactic-  and  butyric-acid  fermentation.  The  luetic  acid 
form  liy  is  sareolactir  acid  according  to  Hiu;er,  and  fermenta- 

lo  acid  according  to  Ynm..1     Inosite  is  oxidized  into  rl 
acid  by  an  excess  of  nitric  acid,  and   the  following  reaction  depend  upon 
this  behavior: 

If  inosite  is  evaporated  to  dryness  on  platinum-foil  with  nitric  arid  and 
the  residue  treated  with  ammonia  top  of  calcium-chlorM 

and  carefully  re-evaporated  to  dryness,  a  beautiful  rose-red  residue  is 
obtah  ibreb's  inosite  test).     If  we  evaporate  an  inon  i  in  to 

incipient  dryness  and  moisten  the  red  ?i  a   little  mercuric-nitrate 

solution,  there  is  obtained  a  ye  ifl  on  drying,  which  becomes  a 

beautiful  red  on  strongly  heating.  The  coloration  disapjHars  on  cooling, 
but  it  reappears  on  gently  warming  (GaLLOJS1  inosite  test). 

prepare  inosite  from  a  liquid  or  from  a  watery  extract  of 
ida  are  Bret  removed  by  coagulation  at  Ixnling  heat.    Tl 
d  by  sugar  of  lead,  this  nitrate  boiled  with  bi   Ic  lead  tu 
and  allowed  t«i  stand  24  48  hours.    Tin-  pi  which 

all  the  io  i:  by  H*5.    The 

■  ted  with  2  hot  alooh  liquid 

as  aoon  as  possible  from  the  tough  or  flaky  manse 
If  no  .  eparate  from  the  liquid  within  twenty-^ 

then  h  ether  until  the  liquid  has  a  I  allow  it 

to  stand.    In  the  presence  of  a  vis  of 

■  ■parate  within    twenty-four    hours.      T'  •  Is    this    obtained, 

iso  those  which  are  obtained  from  the  alooholk  aohrtion  directly 

by  rediasolving  in  very  little  boiling  water  and  the  addition 

of  2-4  vols,  of  alcohol. 

•  constanl  g  muscle,  whS 

absent  in  the  dead  muscle.    The  quantity  of  glycogen  varies  in  the  di 

lie  animal.     B0HM  '  found  10  p.  in.  in  the  DU 

of  cats,  and  moreover  be  found  a  greater  amount  in  the  muscles  i»f  the 
extrem  ban  in  those  of  the  rump.    3ch5ndobvf  baa  found  a  maxi- 

mum of  37.2  p.  m.  in  the  dog  muscle.      I  tcments 

of  glycogen  in  the  heart  differ  somewhat;    although  the  lu-ar  i  lered 

as  somewhat  poorer  in  glycogen  than  the  other  muscles,  still  this  dim 
is  not  very  great  and  can  be  explained  by  the  ready  disappearam  •<•  od 
glyco  trt  after  death,  as  well  as  after  starvation  and  after 

strong  work  (Boruttau,  Jensen  8).  Work  and  the  food  have  a  great 
influence  upon  the  quantity  of  glycogen.     B9hu  found  l— 1  p.  m.  glycogen 

I  sex,  Annal.  d.  Chem.  u.  Pharm  ,  100,   Vobl,  Ber.  d.  d.  diem.  GaBellach., ». 
'Buliin,  Pfliiger's  Arrh  ,  l!.:.    I    :    -    .   ndorff,  ibid.,  Ut). 
*  Boruttau,  Zeitachr.  (.  phyaioL  Chcm.,  IS;   Jensen,  (bid..  So. 
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in  the  muscles  of  fasting  animals,  and  7-10  p.  m.  after  partaking  of  food. 
As  stated  in  Chapter  VIII,  work,  starvation,  and  lack  of  carbohydrates 
in  the  food  cause  the  glycogen  to  disappear  earlier  from  the  liver  than  from 
the  muscles. 

The  sugar  of  the  muscles,  of  which  traces  only  occur  in  the  living  muscle, 
and  which  is  probably  formed  after  the  death  of  the  muscle  from  the  muscle- 
glyeogen,  is,  according  to  the  investigations  of  Panormofp,  in  part  dex- 
trose, but  consists  chiefly  of  maltose  (Osborne  and  Zodel  l)  with  some 
dextrin. 

Lactic  Acids.    Of  the  oxypropionic   acids  with   the  formula  C,H,0, 
there  is  one,  ethylene  lactic  acid.  (."II.J{Oll).(Tl:.(.,001l/  which  is  not 
in   i he  animal  body  and  therefore  has  no  physiological  chemical  interest. 

CH, 

Indeed  only  « -oxypropionic  acid  or  eihylidenc  lactic  acid,  CH(OH),of 

a>( '11 
which  there  are  three  physical   isomers,  is  of  importance.     These 
ethylideae  foctiQ  acids  are  the  ordinary,  optically  inactive  fkrmf.nt 

HO    10D>|   the  dextrorotatory  pah  or  sarcolactic  acid,  and 

the  L.EVOLACTIC  acid  obtained  by  Schabdihger  by  the  fermenl 
cam  -ettgar  by  means  of   a  special   bacillus,      lii     la;  volar  tic  acid.  \ 
has  also  been  detected  by  Blachstein  in  the  culture  of  G.\.  I 
1  uirill us  in  a  solution  of  sugar  and  peptone,  and  which  is  formed  by  vari- 
ous vibrioncs,  need  not  he  described  here.3 

The  fermentation  lactic  acid,  which  is  formed   from   lactose  by  allow- 
ing milk  to  sour  and  by  the  acid  fermentation  of  other  carbohydr 
is  considered  to  exist   in  small  quantities  in  the  muscles  (Heintz),  in  the 
gray  matter  of  the  brain  (Gsoiktth.kx  '),  and  in  diabetic  urine.    During 
digestion  this  acid  is  aba  found  in  the  contents  of  the  stomach  and  > 

.  as  alkali  lactate  in  the.  chyle.  The  jxiraluctic  add  is,  at  all 
s.  tin-  due  leJd  of  meat  extracts,  and  this  alone  has  been  foun<! 
certainty  in  dead  muscle.  The  luetic  and  which  is  found  in  the  spleen, 
lymphatic  glands,  thymus,  thyroid  gland,  blood,  bile,  pathological  trans- 
udates, osteomalacious  bones,  in  perspiration,  in  puerperal  fever,  anil  in 
the  urine  after  fatiguing  marches,  in  acute  yellow  atrophy  of  the  liv 
poise  phosphorus,   and  especially  after  extirpation  of  the  liver 

seems  to  be  paralactic  acid. 


1  Panormoff,    Zeitechr.   f.  phyiiol.   Chem.,    17;    Osborne   and    Zobel,   Ji 
Physiol.,  2». 

1  See  Schardingor,  Monntshefte  f.  Chem.,  11;    Blachstcin,  Arch,  des  sciences  bioL 
dc  St.  Peterabourg,  1,  199;   Kuprianow,  Arch.  f.  Hygiene,  19;  and  Goaio,  ibid.,  21 

1  Heintz,  Annal.  d.  Chem.  u.  Pharm.,  Io7,  and  Gaeheidlen,   Pfluger'a  Arch.,  S, 
171. 
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The  origin  of  paralactic  acid  in  the  animal  organism  has  bwn  sought 
by  several  investigators,  who  took  for  basis  the  researches  of  Gaglio, 
Minkowski,   and   Ahvki,  in  a  decomposition  of    proteid    in   the  tissues. 

K)  claim?  a  lactic-acid  formation  by  passing  blood  through  the  kid- 
neys and  lungs.  He  also  found  0.3-0. .5  p.  in.  lactic  acid  in  the  blood  of 
a  dog  after  proteid  food,  and  only  0.17-0.21  p.  m.  after  fasting  for  forty- 
eijrht  hours.  According  to  Minkowski  the  quantity  of  lactic  acid  elimi- 
nated by  the  urine  in  animals  with  extirpated  livers  is  increased  with  pro- 
teid food,  while  the  administration  of  carbohydrates  has  no  effect.  Ahaki 
has  also  shown  that  if  we  produce  a  scarcity  of  oxygen  in  animals  (dogs, 
rabbits,  and  hens)  by  poisoning  with  carbon  monoxide,  by  the  inhalation 
of  air  deficient  in  oxygen,  or  by  any  other  means,  a  considerable  elimina- 
tion of  lactic  acid  (besides  dextrose  and  also  often  albumin)  takes  place 
through  the  urine,  an  observation  which  has  been  confirmed  by  Saito 
and  BaTSVYAILL.1  As  a  scarcity  of  oxygen,  according  to  the  ordinary 
statements,  produces  an  increase  of  the  proteid  katabolisrn  in  the 
body,   the    increased    elimination   of    lactic   acid  in  these  cases  must  be 

in  part  to  an  increased  proteid  destruction  and  in  part  to  a  dimin- 
ished ion. 

Akaki  has  not  drawn  such  a  conclusion  from  his  experiments,  but 
he  considers  the  abundant,  formation  of  lactic  acid  to  be  due  to  a  cleavage 
of  the  BOgar  formed  from  the  glycogen.  He  found  that  in  all  ease*  where 
lactic  arid  anil  sugar  appeared  in  the  urine  the  quantity  of  glycogen  ri 
the  liver  and  muscles  was  always  diminished.  He  also  calls  attention  to 
the  fact  that  dextrolactic  acid  may  be  forme i  from  glycogen,  as  directly 
KktwiXA,*  and  also  to  the   >  b-ervationa  on  the 

formation   of   lactic   acid    and    the   consumption    of  glycogen   in   muscular 

,:y.  Without  denying  the  possibility  of  a  formation  of  lactic  acid 
from  proteid,  he  states  that  with  lack  Qj  d  we  have  to  deal  wit] 

incomplete  oombustioD  of  the  lactic  acid  derived  by  a  cleavage  of  the  sugar. 
Huitk-Seyler  •  also  positively  defends  the  view  as  to  the  formation  of 
lactic  acid  from  carbohydrates.  He  WIS  of  the  view  that  lactic  acid  is 
from  the  carbohydrates  by  the  cleavage  of  the  sugar  only  with 
lack  0  Dj  while  with  sufficient  oxygen  the  sugar  is  burned  into  car 

dioxide  and  water.    The  formation  of  lactic  acid  in  the  absence  of  free 
oxygen  and  in  the  presence  of  glycogen  ST  dextrose  is,  according  to  II- 

I  R.  very  probably  a  function  of  all  living  protoplasm.  There  is 
no  direct  proof  for  such  a  view.    In  the  anaerobic  metabolism  of  the  animal 


1  Gaglio,  Do  Boi*-Rcymond 'a  Arch.,  ISSfi;  Minkowski.  Arch.  exp.  Path.  u.  Pharm., 
21  and  31 ;  Araki,  Zeitschr.  f.  physiol.  Chem.,  l.">,  10,  17,  and  10;  Saito  and  Katsuyaina, 
Aid..  32. 

1  Jonrn.  1.  prakt.  Chem.  (N.  P.).  21. 

'  Yirchow's  Festschrift,  also  Bcr.  d.  deutach.  chem.  Geevllach.,  25,  Referotb.,  686. 
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cells  carbon  dioxide  and  alcohol  are  formed  from  the  sugar  according  to 
investigations  of  Simacek:  '  and  when  the  cells,  as  STOKLiBA  and  his 
collaborators  have  shown,  contain  a  lactie-acid-foniiin>r  enzyme 
not  known  what  kind  of  lactic,  arid  is  here  produced.  According  to 
MnRisittMA,  an  increase  in  the  lactic  acid  in  the  liver  occurs  after  death, 
■ably  from  the  liver  glycogen,  but  this  acid  is  chiefly  fermentation 
lactic  arid.  Asin:u  and  Jackson  3  experimented  by  transfusing  blood 
and  without  the  addition  of  sugar)  through  the  lower  extremities  of  dogs, 
and  neither  in  these  experiments  nor  in  those  where  the  larger  organ* 
(liver  and  ibdomiOAl  visn-iu)  were  excluded  from  the  circulation  could 
they  detect  any  increase  of  la  I  due  to  the  sugar.     At  present 

OB  to  be  a  tendency  towards  the  view  that  the  cause  for  the  increased 
formation  of  lactic  acid  with  lack  of  oxygen  is  to  besought  for  is  " 
creased  destruction  of  proteid.s.     Phosphocaraic  acid  is  considered  by  Sim* 
D  as  another  source  of 
The  laeti  i  ph-ius.    They  have  the  appearand 

less  or  faintly  yellowish,  acid-reacting  syrups  which  mix  in  all  p 
with  water,  alcohol,  or  ether.     The  salts  are  soluble  in  water,  and  n 
them  also  in  alcohol.     The  two  acids  are  differentiated  from  each  oti 
their  different  op  EfiB — paralactic  acid  being  dextrogyrate, 

fennentation  lactic  acid  is  optically  inactive — also  by  their  diff- 
I  lilt: it-;  and  the  different  amounts  of  water  of  crystallization  of  tin-  calcium 
and  doc  .  :ii.  -.    The  /inc  salt  oi  fermentation  h  i 

parts  of  water  at  14-15°  C,  and  contains  Is. IS  per  cent  water  of  rryrtalli- 
Eation,  oorrespom  the  formula  '/.ni(\\\A )3)2-r'M\,u.    Tie 

of  paral  I  dissolves  in  17.5  parts  of  water  at  the  al  i-.pera- 

tore  and  cos  tzoarily  L2.9  per  cent  water,  corresponding  to  the  fonnul* 

%n<03IL,<  ),);•  2 Hj().  The  calcium  salt  of  fennentation  lactic  arid  dis- 
solves in  9.5  parts  water  and  contains  29.22  per  cent  («—5  mob  water 
of  crystallization,  while  calcium  paralactate  dissolves  in  12.4  parts  water 
and  contains  21.83  or  26J21  per  cent  (  =  4  or  A\  molecules)  water  of  crystalH- 
Mttoa  BotSl  '-alcium  salts  crystallize,  not  unlike  ty  rosin,  in  spears  or 
tufts  of  very  fine  microscopic  needles.  Hopfs-Sbylkb  and  Araki.wLh 
have  closely  studied  the  optical  properties  of  the  lactic  acids  and 
lactates,  consider  the  lithium  salt  as  best  suited  for  the  pi  u  and 
quantitative  I  the  lactic  acids.  The  lithium  salt  contains 
per  cent  Li.  For  further  information  as  to  the  salts  and  specific 
rotation  of  the  lactic  acids  see  Hoppe-Seyler,  Thierfelder's  Handbuch. 
7.  Aufl.,  1903. 

Lactic  acids  may  be  detected  in  organs  and  tissues  in  the  following 

ek,  Ccntralbl.  f.  Physiol.,  17;  Stoklaaa,  Jelinek  and  Cerny,  tt«L,  16. 
*  Monsbiiiia.  Arch.  f.  csp.  Path.  u.  Pharui.,  41;    Asher  and  Jackson,  ZeiUehr.  L 
Biologic.  41. 
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manner:  After  complete  extra-  Lth  water,  the  proteid  fa  r< 

coagulation  at  boiling  temperature  and  the  addition  of  i  small  quan> 
sulphuric  acid.    The  liquid  la  then  exactly  neutralised  while  !»• 

i.  ami  then  evaporated  to  a  syrup  after  filtration.     The  residue 
is  precipitated  with  absolute  alcohol,  and  the  precipitate  eoxapletd 
tncted  with  The  alcohol  is  entirely  distilled  from  the  united  alco- 

holio  extracts,  and  the  neutral  residue  Ls  .shaken  with  ether  to  r  I 
fat.     The  residue  is  dissolved  in  water  and  phosphoric  acid  added,  e 
peatedly  shaken  with  fresh  quantities  of  ether,  which  dissolve?-  acid. 

The  ether  is  now  distilled  from  the  several  ethereal  extracts,  the  re 

lved  in  water,  and  thifl  solution  carefully  warmed  on  the  water-hath  to 
remove  the  last  traces  of  ether  and  volatile  acids.     A  solution  of  gjnc  lac- 
tate is  prepared  from  this  filtered  solution  by  boiling  with  Bine  carbonate, 
rated  until  crystallisation  commences  and  then  allowed  to 
ric  acid.      An  analysis  of  the  salts  is  necessary  in  careful 
\\<»rk.  According  to  Hkffter  '  in  muscles  not  having  undergone  rigor  mortis 
ic  acid  can  be  extracted  more  easily  by  alcohol  than  by  water. 

never  absent  in  the  muscles.    Some  fat  is  always  found  in  the 
intermuscular  connective  ti  'it  the  muse le-fih res  themsehrei  also  con- 

tain fat.    The  quantity  of  fat  in  the  real  muscle  substance  is  always  small, 
i mounting  to  about  10  p.  m.  or  somewhat  more.     A  consider:  1 1 >le 
ity  of  fat  in  the  muscle-fibres  is  only  found  in  fatty  degeneration.   A 
part  of  the  muscle-fat  can  be  readily  extracted,  while  another  part  can  bo 
extracted  only  with  the  greatest  difficulty.     This  latter  part,  it  is  claimed, 
finely  divided  in  the  contractile  substance  itself  and  is  richer  in  free 
ids,  standing,  according  to  Zuxtz  and  BoaDANOW,'  in  close  rela- 
iiiji  to  the  activity  of  the  muscles  becaUM  it  is  consumed  during 
Lecithin  is  a  regular  constituent  of  the  muscles,  and  it  is  quite 
fat  which  Ls  difficult  Of  extraction  and  which  Is  rich   b 
ads  in  part  on  a  decomposition  of  the  lecithin, 
neral  Bodies  of  the  Muscles.     The  ash  remaining  after  burning 
the  n  bich  amounts  to  about  10-18  p.  m.,  calculated  on  I 

id  in  reaction.     The  largest  constituents  are  potassium  and 
boric  acid.     Next  in  amount  we  have  sodium  and  magnesium,  and 
calcium,  chlorine,  and  iron  oxide.     Sulphates  exist  only  as  traces  in 
lea,  but  are  formed  by  the  burning  of  the  proteids  of  the  muscles, 
and  therefore  occur  in  abundant  quantities  in  the  ash.     The  muscles 
tain  such  a  large  quantity  of  potassium  and  phosphoric  acid  that  potassium 
phosphate  seems  to  be  unquestionably  the  predominating  salt.     Chlorine  is 
d  in  such  insignificant  quantities  that  it  is  perhaps  derived  from  a  con- 
tamination with  blood  or  lymph.     The  quantity  of  magnesium  is,  as  a  rule, 
hly  greater  than  that  of  calcium.    Iron  occurs  only  in  very  small 
amounts.     BCHMBT  '  found  variations  between  0.0129  p.  m.  (rabbi  t:- 

1  Arch.  f.  exp.  Path.  u.  Pharm..  88. 

*  Du  nond's  Arch.,  1897. 

•  Zeitechr.  f.  phyaiol.  Chem.,  3D. 
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0.0793  p.  m.  (human),  calculated  on  the  fresh  muscle  substance.  The  heart- 
muscle  was  comparatively  dehor  in  iron.  0.00-0.109  p.  m. 

The  importance  of  the  various  mineral  1km lies  for  the  function 
muscles  has  been  studied  by  several  experimenters  (Loeb,  Linglk,  Howell, 
Overton,  Langendorff  and  Huek,  and  others  ').     Further  proof  as 
previously  discussed  ion  action  of  the  electrolytes  and  the  antagonism  of 
various  ions  has  been  given  by  many  very  interesting  investigations.    These 
researches  ateo  indicate  that  each  of  the  ions  Xa,  Ca,  and  K  plays  a  certain 
part  in  the  maintenance  of  the  excitability,  in  the  contraction 
fatigue  of  the  muscle  (heart) ;  still  instigations  have  not  led  1 

cord  ant  results,  bo  that  we  are  not  yet  clear  on  the  action  of  tJ 
Nevertheless  it  seems  to  be  established  that  the  combined  action  of  various 
ions  is  :i  necessity  for  the  normal  function  of  the  muscles.  It  has  also 
been  shown  that  it  is  possible  to  maintain  the  muscle  (the  heart)  in  regular 
activity  for  a  long  time  by  means  of  a  transfusion  of  liquid  sat  id 
with  oxygen  and  which  contained  alxmt  7  p.  in.  Nat'l,  besides  small 
amounts  of  CaCl,  (0.2  p.  m.),  K('l  (0.1  p.  m.),  and  NeHDO,  (0.1  p  bl). 

The  00668  of  the  muscles  consist  of  large  quantities  of  carbon  'I 
besides  traces  of  nitrogen. 

In  regard  to  the  permeability  of  the  muscles  for  various  bodies  there  arc 

the  complete  investigations   of  <  Jvkktox.8     The  different  sheaths  of  tlir 

muscles,  the  sareolemma  and  perimysium  internum,  offer  no  very  great 

(ance  to  the  diffusion  of  most  soluble  crystalloid  compounds,  while 

the  muscle-fibres,  on  the  contrary  (exclusive  of  the  sarcolemma).  are  fttao*t 
if  not  entirely  impervious  to  moM  inorganic  compounds  and  for  many at] 

pounds.    The  muscle-fibres  themselves  are  actually  semipermeable  struc- 
tures which  are  permeable  for  water  but  not  for  the  molecules  or  kn 
sodium  chloride  and  of  potassium  phosphate.    The  muscle-fibres,  as  iiej 
the  various  sheaths,  are  impermeable  to  colloids. 

The  behavior  of  the  numerous  bodies  investigated  cannot 
in  this  work.     The  general  rule  i-  Sfl  Follows:  All  compounds  which. 
a  marked  solubility  in  water,  are  readily  soluble   in   ethyl    atfa 
higher  alcohols,  in  olive-oil  and  in  similar  organic  solvents,  or  ar. 
less  soluble  in  the  last-mentioned  solvents  than  in  water,  pass  through  the 
living  muscle-fibres  (as  in  animal-  and  plant-cells)  with  great  ease.   A* 
greater  the  difference  between  the  solubility  of  a  compound  in  water  ami 
in   the  other  solvents  mentioned,  the  slower  does  the  passag< 
muscle-fibres  take  place.     The  permeability  changes  essentially  « 
death  of  the  muscle. 


1  Loeb,  Amor.  Journ.  of  Physiol.,  3.  and  Pfliiger's  Arch..  HI;    Linglc,  Anier.  JW*- 
of  Plr  I    alao  references  to  literature) ;  Overton,  Pfliiger's  Arch.,  02 ; 

ami  Huek,  ibid.,  96. 

s  Pfliiger's  Arch..  92. 
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The  living  muscle-fibres  air  readily  permeable  to  oxygen,  OttbOB  dioxide, 
and  ammonia,  while  the  hexoses  and  disaccharides  do  not  readily  pass 
into  them.  It  is  very  remarkable  that  a  great  portion  of  those  ci.m|Miunds 
whieh  take  part  in  the  normal  metabolism  of  plants  and  animals  belong  to 
those  bodies  to  which  the  muscle-fibres  (and  also  other  cells)  are  entirely  or 
at  least  nearly  impermeable.  On  the  contrary,  derivatives  can  be  pre- 
pared from  these  bodies  which  pass  into  the  cells  very  readily,  and  1 1 
TON  finds  that  it  is  not  impossible  that  the  organism  in  part  makes  use  of 
&  similar  artifice  in  order  to  regulate  the  concentration  of  the  nutritive 
bodies  within  the  protoplasm. 

Rigor  Mortis  of  the  Muscles.     If  the  influence  of  the  circulating  oxygen- 

blood  ifl  removed  from  the  muscles,  as  after  the  death  of  the  animal  or 

by  ligature  of  the  aorta  or  the  muscle-arteries  (STENBON  b  test), !  '{far  mortis 

■  ■:  later  takes  place.    The  ordinary  rigor  appearing   under 
-lreumstances  is  called  the  spontaneous  or  the  fermentative  rigor,  because  it 
seem  ind  in  part  on  the  action  of  an  enzyme.     A  muscle  may  also 

become  stiff  for  other  reasons.    The  muscles  may  become  momentarily 
stiff  by  warming,  in  the  case  of  frogs,  to  40°,  in  mammalia,  to  48-50°,  and 
in  birds,  to  53°  C.     The  beat-rigm  depends  upon  the  coagulation  of  certain 
proteids,  and  its  occurrence  at  lower  temperatures  in  cold 
pared  to  warm-blooded  animals  is  due.  according  to  v.  FORTH,  to  the  fact 
that  in  the  first  a  .soluble  myosjen  fibrin  ocoun  preformed  in  the  mi 
which  coagulates  at  30-40°  C,  while  in  the  warm-blooded  animals  the  coagu- 
lating substance  is   musculin  (myosin  of  v.  Furth)  which  coagulates  at  a 
t  temperature.     Distilled  water  may  also  producea  rigor  in  the  mil 
■r-rigor).     Acid-,  even  \<i  ones,  such  as  carbon  dioxide,  may 

■  piiekly  produce  a  rigor  (aeid-rigor) ,  or  hasten  its  appearance.  A  number 
of  chemically  different  substances,  such  as  chloroform,  ether,  alcohol, 
•aiTeine,  and  many  alkaloids,  produce  a  similar  effect.  The 
rigor  which  is  produced  by  means  of  acids  or  other  agents  whieh,  like  alcohol, 
coagulate  proteids  must  be  OOJ  I  as  produced  by  entirely  different 

processes  from  those  causing  sp 

When  the  muscle  passes  into  rigor  mortis  it  becomes  shorter  and  thicker, 
harder  and  mm- transparent, and  less  ductile.  The  acid  part  of  the  ampho- 
teric reaction  becomes  stronger!  which  is  explained  by  most  investigators  by 
a  formation  of  lactic  arid.     There  is  hardly  any  doubt  that  th  ise  in 

acidity  may  at  least  in  part  be  due  to  a  transformation  <<f  a  part  of  the 
diphosphate  into  monophosphate  by  the  lactic  acid.  The  statements  in 
regard  to  the  presence  or  absence  of  free  lactic  acid  in  the  rignr-mortis 
muscle  are  contradictory. l    Besides  the  formation  of  a  deal 

1  It  is  impossible  to  enter  into  the  details  of  tli •■  disputed  statements  as  to  the  reaction 
of  the  muscles,  etc.  We  sluill  only  refer  to  the  works  of  RdhmaiUU  Pflugoc'l  Arch., 
50  and  55,  and  HefTter,  Arch.  f.  exp.  PSfth  "  Pbaim  .  31  and  3b.  These  works  con- 
tain also  the  researches  of  the  older  bmstigatoa  mors  or  leas  oompletd] 


processes  which  take  place  in  rigor  of  the  muscles  are  the  following:  By 
the  coagulation  of  the  plasma  a  myosin-clot  is  produced  which  is  the  cau» 
of  tin-  baldening  and  of  the  diminished  transparency  of  the  muscle,  but  Qui 
view  must  ho  changed  on  account  of  the  researches  of  v.  1-  trmi.  which  have 
•i  that  the  clot  consists  of  myogen-  ami  myosdn-fibrin.  The  appear- 
ance of  tliis  clot  may  bfl  hastened  bj   the  simultaneous  occurrence  of  lactic 

Carbon  dioxide  is  efao  formed,  which  does  not  seem  to  be  a 
oxidation  product,  but  a  product  of  the  cleavage  processes.     Hermann' 
claims  that  carbon  dioxide  is  produced  in  the  removed  muscle,  even  in  the 
absence  of  oxygen,  when  it  passes  into  rigor  mortis.     In  connection  with 
this  view  we  must,  call  attciiti  i.in  's  2  observations  that  no  protdd 

coagulation  book  place  In  rigor  modi  I  conditions. 

As  many  investigators  admit  of  an  increased  formation  of  lactic  acklon 
the  appearance  of  rigor  mortis,  the  i  arises,  from  what  constituent* 

of  the  muscle  is  this  acid  derived?  The  most  probable  explanation  is  that 
the  lactic  aeid  is  produced  from  the  glycogen,  as  certain  Investigator*,  such 
as  Nasse  and  WbRTBESj  have  observed  a  decrease  in  the  quantii 
glycogen  in  rigor  of  the  muscle.  ( )n  the  other  side.  I'.Ohm  *  has  observed 
cases  in  which  DO  consumption  of  glycogen  took  place  in  rigor  of  the  muscle, 
and  be  has  also  found  that  the  quantity  of  lactic  acid  produced  is  not  pr»- 
:  to  the  quantity  of  glycogen.  It  is  therefore  possible  thai 
tmption  of  glycogen  and  the  formation  of  lactic  acid  in  the  muscle 
are  two  processes  independent  of  BACQ  other,  and,  as  above  stated  in  regani 
to  the  formation  of  paralactic  acid,  the  lactic  arid  of  the  muscle  maybe 
com>;  «  decomposition  product  of  proteid.    The  origin  of  the  carbon 

dioxide  is  also  not  to  be  sought  for  in  the  decomposition  of  the  glyccgl 
dextrose.  PvLtfo&H  and  SxuJTZUTfl  '  have  found  that  in  the  mus<-le  a  sub- 
stance occurs  which  evolves  large  quantities  of  carbon  dioxide  on  boiling 
with  water,  and  it  is  probably  this  substance  which  is  decomposed  with  the 
formation  of  carbon  dioxide  in  tetanus  as  well  as  in  rigor.  In  this  connec- 
tion we  call  attention  to  the  fact  that  phosphooarnic  acid  yields  lactic  acid 
as  well  as  carbon  dioxide  as  cleavage  products. 

After  the  muscles  have  been  rigid  for  some  1  \   relax  again  and 

the  muscles  liecome  softer.     This  is  in  part   produced  by  the  strong  acid 
dissolving  the  myosin-clot  anil  in  part  to  autolytic  processes  (Vogel  4). 

Metabolism  in  the  Inactive  and  Active  Muscles.    It  is  admitted  by  a 
number  of  prominent  investigators,  Pfluger  and  Colasanti,  Zuntz  and 


'  "  I  ntunmchungen  iiber  den  Stoffwechsel  der  Muskeln,"  etc.     Berlin,  1867 
:  Amur.  Journ.  of  Phywol. ,  9. 

'Nasse.  BritZ    ?.    Pi,       I    dar  kontrakt.  Substans,  Pfluger 'a  Arch.,  J;   Wertb*' 
ibid.,  46;    Rohm,  ibid*  23  and  4G. 
'  Pfluger'a  Arch.,  18. 
>R.  Vogel.  Untora.  ubcr  Muskelnft.  Deutech.  Arch.  f.  klin.  Med..  1902. 
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RflHJUQ,1  and  others,  that  the  metabolism  in  I  lie  muscles  is  regulate.!  by 
the  nervous  s,  "VThen  at  rest,  when  there  is  bo  mechani* -a! 

there  lition  which  Zdntz  and  Uoiihic  have  designated  "chemical 

tonus."    This  tonus  seems  to  be  a  reflex  for  it  may  be  reduced 

iiscontinuing   the  connection   between    the    muscles   end    the   central 
organ  of  the  nervous  system  by  suiting  through  tb  r  the 

muscle-nerves.      The  possibility   of  reduein  is  of  the 

muscles  in   various  ways    offers  an    important    means  of   deciding   the 
extent  and  kind  of  chemical  processes  going  on  in  the  muscles  wh. 

d  (lu  processes  in  the  active  and  the 
inactive  muscles  several  methods  of  procedure  have  been  adopted.    The 
le  active  and  inactive  muscles  h  compared  after  removal,  also 

the  arterial  and  venous   muscle-blood  in  rest  and  activity,  and   I 
total  exchange  of  material,  the  receipts  and  expenditures  of  the  OTgai 
have  been  investigated  under  these  two  conditions. 

By  ationa  according  to  these  several  methods  it.  has  been  found 

that  ive  muscle  takes  up  oxygen  Drum  the  blood  and  returns  to  it 

le,  and  also  that  the  quantity  of  oxygen  taken  up  is  greater 

Hum  _'en  contained  in  the  carbon  dioxide  eliminated  at  the  same 

•refore,  holds  in  some  form  of  combination  a  pai 
the  oxygen  taken  up  while  at  rest.    Dm  vity  the  exchange 

rial  in  the  muscle,  and  therewith  the  exchange  of  gas,  is  increased.  The 
animal  organism  takes  up  much  more  oxygen  in  activity  than  when 
at  rest,  and  eliminates  also  considerably  more  earbon  dioxide.  The  quan- 
m  which  leaves  the  body  as  carbon  dioxide  during  activity 
•r  than  the  quantity  of  oxygen  taken  up  at  the  sam 
and  the  venous  muscle-blood  a  poorer  in  oxygen  and  richer  in  carbon 
dioxide  during  activity  than  during  rest    The  exchange  of  gases  in  tl 

-•:«  during  activity  is  the  reverse  of  thai  for  the  active  muscle 

gives  up  a  quantity  of  carbon  dioa  toes  DOi  correspond  bo 

quantity  of  oxygen  taken  up,  but  is  considerably  greater.     It  follows  from 
In  muscular  activity  not  only  doer  on  take  place,  bm 

ting  processes  occur.  This  results  also  from  the  fact  that  removed 
blood-free  muscles  when  placed  in  an  atmosphere  devoid  of  oxygen  can 
labor  for  some  time  and  also  yield  carb  Le  (Hermann  ■). 

During  muscular  inactivity,  in  the  ordinary  sense,  a  consumption  of 
takes  place.     This  is  inferred  from  the  observations  of  several 
investigators  that  the  quantity  of  glycogen  is  increased  and  its  corregp 

•  See  thft  works  of  1'fluger  and  his  pupflfl  in  Pfliiger'a  Arch  ,  4.  12,  II.  N 

i  ,  4.     Sea  also  Zuntz,  ibid.,  12.     In  regard  to  the  metabolism  after  curare 
see  also  Frank  and  Voit,  Zeitechr.  f.  Hiologie,  42,  and  Frank  and  Gcb- 
hard,  ibid.,  43. 

T  I.  c      In  regard  to  gas  exchange  in  removed  muscles,  tee  also  J.  Tiaaot,  Arch,  de 
Physiol.  (5),  8  and  7,  and  Compt.  rend.,  120. 
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ing  consumption  reduced  in  those  muscles  whose  chemical  tonus  is 
reduced  either  by  cutting  through  the  nerve  or  for  other  reasons  (Bernahd. 
Chandelon,  Way,1  and  others).  In  activity  this  consumption  of  glycogen 
is  increased,  and  it  has  been  positively  proved  by  the  reseai  -fveral 

investigators  (Nasse,  Weiss,  Iulz,  Marcuse,Man<  H&,l£oRATaad  Dtttouh') 
flint  the  quantity  of  glycogen  in  tin-  muscles  in  activity  decreases  quickly 
and  freely.  As  shown  In-  the  researches  of  GbaUTBAU  and  Kk09IUKS, 
Qui.vquaud,  Morat  and  Dufour,  Cavazzam,  and  especially  those  of 
EN,"  the  sugar  is  removed  from  the  blood  and  ennsutn  ;>gK» 

tivity.  According  to  Seegrn  b  vary  abundant  funnation  of  sugar  takes 
place  in  the  liver,  and  correspondingly  the  blood  of  the  hepatic  vein  ifl 
much  richer  in  sugar  than  that  in  the  portal  v«-in;  and  this  sugar  of  the 
IS,  according  to  him,  the  Bounce  of  heat  formation  and  mechanical 
activity.  It  ifl  nrvrrthrlrss  trim  that,  important  objections  have  been 
presented  against  a  few  of  these  investigations,  and  a  sugar  form 
according  to  Seegen's  idea,  has  been  denied  by  several  investigators, 
and  recently  by  ZVMB  and  tfbflflB;  '  but  still  there  can  exist  hardly  an> 
doubt,  that   sugar  is  1    in    muscular  activity. 

The  amphoteric  reaction  of  the  inactive  muscles  is  changed  during 
activity  to  an  acid  reaction  (Dc  Bois-Ri-.yuomj  and  others),  and  the  acid 
reaction  increases  to  a  certain  point  with  the  work.     The  quickly 
ing  pale  muscles  produce,  according  to  Gleiss,5  more  acid  during  set 
than  the  more  slowly  contracting  red  muscles.    The  acid  reaction  appearing 
during  activity  was  formerly  considered  to  be  due  to  the  formation  of  lactic 
acid,  a  view  which  has  been  contradicted  by  AfiTASGHBWSKT,  Pku'-cer  and 
Wahbbn,1  who  found  less  lactic  acid  in  the  tetanized  muscle  than  when  at 
rest.     Monahi  also  found  B  decrease  in  the  quantity  of  lactic  acid  during 
activity,  and  according  to  BfiFPTBB  the  quantity  of  lactic  acid  in  the  i 
is  diminished  in  tetanus  produced  by  poison.     Contrary  to  these  investiga- 
ttoni  \I\k<  i  -i;  and  Weuthhk  7  have  been  able  to  prove  the  formation  of 


'Chandelon,  Pfluger's  Arch.,  IS;   Way,  Arch.  f.  exp.  Path.  u.  Pharm.,  34,  which 
also  contains  the  pertinent  literature. 

'Nasse.  Pfluger's  Arch.,  2,    W«bs,  Wien.  Sitiungsber. ,  64;    Kulz,  in  Ludwig's 

Festschrift,  Msitraig,  isoi  ;  Bfanmse  Mftgsr's  Arab,  19;  Manchi'.  gaHschr.  f.  Biolo- 
gic, 25;    Moral  and  DufoUT,  Arch,  do  Physiol.  (5),  4. 

'  Chauveau  and  Kaufmann,  Compt.  rend.,  103,  104,  and  105;    Quinquaud,  Maly'i 
l..-r  ,  |6;  Hoiat  and  Dufour,  1.  c;  Cavaxzani,  Centralbl.  f.  Physiol .,  8;  Seegan, 
•  -In,-  Ziuk.rl.iklung  im  Thierkorper,"  Berlin.  1800,  Centralbl.  f    Physiol..  8,  9,  and 
10;  Du  lioia-Iteymond's  Arch.,  1895  and  1896;  Pfluger's  Arch.,  60. 

4  Moase,    Pfluger's    Arch.,  63;    Zuntz,  Centralbl     f.    Physiol.,  10,  and  Du  Bob- 
lleymonds  Arch  .  1S90,  538.     See  also  Schenck,  Pfluger's  Arch.,  61  and  65. 
's  Pfl iter's  Arch.,  41. 

•  Astaschewsky,  Zeitachr.  f.  physiol.  Chcm.,  4;  Warren,  Pfluger's  Arch.,  24. 

1  Monari.  Maly's  Juhreaber.,    19;    Heffter,    Arch.    f.    exp.    Path.  u.    Pharm.,  11; 
Marcuse,  1.  c;    Werther,  Pfluger's  Arch  ,  46. 
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lactic  acid  during  activity;  still  the  statements  are  very  contradictory 
r  observations  speak  for  a  formation  of  lactic  acid  during  activity. 
Thus  Si-iko  found  an  increase  in  the  quantity  of  lactic  ftrfd  ID  the  blood 
during  work.  Colasanti  and  Moscatelm  found«sniall  quantities  of  lactic 
acid  in  human  urine  after  6trenuous  marches,  and  Wkuthkk  observed  an 
abundance  of  lactic  acid  in  the  urine  of  frogs  after  tctanization.  According 
to  Hoppk-Skyuk,  on  the  contrary,  in  agreement  with  his  view  in  regard 
to  the  formation  of  lactic  acid,  lactic  acid  is  not  produced  regularly  during 
but  only  when  insufficient  oxygen  is  supplied.  Zillesen  '  has  also 
Sound  that  on  artificially  cutting  off  the  oxygen  from  the  muscles  during 
life  more  lactic  acid  was  formed  than  under  normal  conditions. 

It  is  evident  thai  tin-  experiments  with  the  muscles  in  situ — in  other 
WOldfi,  with  muscles  through  which  blood  is  passing — cannot  yield  any  con- 
clusion to  the  above  question,  as  the  lactic  acid  formed  during  work  may 
perhaps  be  removed  by  the  blood.  The  following  objections  can  be  made 
against  those  experiments  in  which  lactic  acid  has  been  found  after  mod- 
erate work  in  the  blood  or  the  urine,  as  also  especially  against  iho  exj>eri- 
mentfi  with  removed  active  muscles,  namely,  that  in  these  cases  the  supply 
of  oxygen  to  the  muscles  was  not  sufficient,  and  that  the  la.  tn  ;i<id  formed 
thereby  is  not,  in  accordance  with  the  views  of  IIoimm:  Seyler,  a  perfectly 
normal  process.  The  question  as  to  Ihe  formation  of  lactic  acid  in  the 
active  muscle  under  perfect  physiological  conditions  is  still  an  open  one, 
although  several  observations  make  it  seem  as  if  it  was  very  probable. 

According  to  Siegfried  the  amount  of  phosphocarnic  acid  is  dimin- 
ished during  activity.  Macleod  claims  that  this  is  only  true  for  intense 
muscular  activity,  while  otherwise  with  work  the  organic  phosphorus 
not  present  as  nucleons  is  diminished  and  the  quantity  of  phosphates 
is  increased.  It  stands  in  accord  with  Wkyl  and  Zeitler's  J  observa- 
tions that  the  active  muscle  contains  more  phosphoric  acid  than  the  inac- 
tive muscle.  As  in  the  dead  muscle,  so  in  the  active  muscle,  the  some- 
what stronger  acid  reaction  is  in  part  due  to  a  greater  quantity  of  mono- 
phosphate. 

TTie  amount  of  proteids  in  the  removed  muscles  is,  according  to  the 
older  investigators,  decreased  by  work.  The  correctness  of  this  statement 
is,  however,  disputed  by  other  investigators.  The  older  statements  in 
regard  to  the  nitrogenous  extractive  bodies  of  the  muscle  in  rest  and  in 
activity  are  likewise  uncertain.  According  to  the  recent  researches  of 
Monari  '  the  total  quantity  of  creatine  and  creatinine  is  increased  by 


•Spiro,  Zcitschr.  f.  phyuiol.  Chem.,  1;  Colasanti  and  Moscatelli,  MaJy's  Jahreaber., 
17.  212;  Hoppe-Seyler.  1.  c,  and  Zeitechr.  f   physiol.  Cheoi.,  19j   Zillesen,  ibid.,  15 

1  Siegfried.  Zeitechr.  f.  phyaiol.  Chem.,  21;  Macleod,  Aid.,  28;  Weyl  and  Zeitler, 
ibid..  16. 

>  Malv's  J&hreaber.,  19,  296. 
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work,  and  indeed  the  amount  of  creatinine  is  especially  augmented  by  an 
excess  of  muscular  activity.  The  creatinine  is  formed  essentially  from 
the  creatine.  In  excessive  activity  IfotrASl  also  found  xantho-creatinine 
in  tht-  DOUSclo,  and  the  quantity  was  one-tenth  that  of  tlie  urea' 
The  quantity  of  xanthine  bodies  is.  according  to  Monari,  decreased  imder 
the  influence  of  work.  It  seems  to  have  been  positively  shown  that  the 
active  musele  contains  a  smaller  quantity  of  bodies  soluble  in  water  and 
a  larger  quantity  of  bodies  soluble  in  alcohol  than  the  resting-n 
(Helmholtz  '). 

Attempts  have  been  made  to  solve  the  question  relative  to  the  bebfl 
of  the  nitrogenized  constituents  of  the  muscle  at  rest  and  during  activity  by 
determining  the  total  quantity  of  nitrogen  eliminated  under  these  different 
condi  the  body.     While  formerly  it  was  held  with  Liebig  that  tfcfl 

elimination  of  nitrogen  by  the  urine  was  increased  by  muscular  work,  the 
rosea!  several  experimenters,  especially  those     f  VdXT  on  dogs  and 

Pettknkokkr  and  Voit  on  men,  have  led  to  quite  different  results, 
have  shown,  as  has  also  lately  been  confirmed  by  other  investigators, 
especially  1.  Munk  and   BOZSGBFBLD,1  that  during  work  no   increase  or 
only  B  very  insignificant  increase  in  the  elimination  of  nitrogen  takes  place. 

We  should  not  omit  to  mention  the  fact  that  a  series  of  experiments 
has  been  made  showing  a  significant  increase  in  the  metabolism  of  proteids 
during  or  after  work.  Then-  are  for  example  the  observations  of  Flint  and 
of  Pant  on  a  pedestrian,  v.  Wolff,  v.  Fumki;,  Kreuzhage  and  Kellnkk  on 
a  horse,  and  DuKLOF  and  his  collaborators  on  working  human  beings,  and 
of  KnuMMAcnER,  I'FLt'ciEU,  Zuntz  and  his  pupils,3  and  others.  The  re- 
searches on  the  elimination  of  during  rest  and  activity  also  belong 
to  this  category.  The  elimination  of  nitrogen  and  sulphur  runs  parallel 
With  the  metabolism  of  proteids  in  resting  and  active  persons,  and  the  quan- 
tity of  sulphur  excreted  by  the  urine  is  therefore  also  a  measure  of  the  psro- 
teid  decomposition.  The  older  researches  of  ENOBLMANN,  Flint,  and  I'avy. 
as  well  BS  (he  more  recent  ones  of  BBCK  and  BENEDICT,4  and  DuNLOP  and 
his  collaborators,  show  an  increased  elimination  of  sulphur  during  or  at; 
work  and  ihi>  speaks  for  an  increased  proteid  metabolism  because  of  mus- 
cular activity. 


h.  f.  Anat.  u.  Physiol,  1845. 
'Voit,  rntersuchungen  liber  den  Eimtuas  des    Kochjalzes,  dee  Kaffees    und  der 
Muskdlxwegungen  auf  den  Stoffwecli  it  (Miinc-licn,  lKtW)),  and  Zcitschr.  f.  Bioh 
1.  Munk.  I)u  Boia-Reymond's  Arch.,  189<)  and  1886;   Btrsobfflld,  Virehow's  Arch     I'.'l 
*  Flint,  Journ.  of  Anat.  and  I*hyBiol.,  11  and  12.   Pavy,  The  Lancet,  1876  and  1877; 
v.  Wolff,  v.  Funke,  Kellner,  cited  from  Voit,  Hermann's  Handb  ,C,  I07j    Donlop, 

ickman,  and  Maccadam,  Journ.  of  Physiol.,  '2'2,    Kummacher,   Zeitechr,   f 
Biologi*-,  tt;   PfKkgar,  Pflfigar'i  An  Zuntz,  Arch.  f.  (Anat.  u.)  Phyr 

rtgelmann,  ibtd.,  1871;  Beck  and  Benedict,  Pfluger's  Arch..  54,  and  also  foot- 
note 2. 
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That  an  increased  destruction  of  proteid  is  not  necessarily  produced  by 
work  follows  from  the  recent  observations  of  Caspari,  Bobnstein,  Kauf, 
WajTBj  A.  LoEWT,  Ai  ,11(1  BmniOTi1  that  a  retention  of  nitrogen 

and  a  deposition  of  proteid  occurs  during  work.  The  contradictory  obser- 
vations on  the  proteid  destruction  during  and  caused  by  work  are  Dot 
'  !y  in  oppontlOQ  to  each  other,  because  the  extent  of  proteid  nn'tabo- 
lism  is  dependent  upon  many  conditions,  such  as  the  quantity  god  composition 
of  the  food,  t1  of  the  adipose  tissue  of  the  body,  the  acti. 

the  work   upon  the  respiratory  mechanism,  etc.,  all  of  which  have  an 
influence  on  the  results  of  the  experiments. 

Recently  STEYnEn* has  found  that  the  muscle  June  of  a  continuously  tetsnised 
muscle  was  somewhat  poorer  in  inusculin  and  correspondingly  richer  in  VO.) 
than  from  a  similar  nen-teteuised  mils*  K-.      We  cannot  draw  any 

this  experiment,  but  it  seems  to  show  Hint   the  pom-ids  are  not 
consumed  in  work. 

The  ol.hr  '  mvestigfttionfl  on  the  amount  of  fat  in  mUBelsi  removed  after 
.activity  BOd  after  rest  have  not  led  to  any  definite  results.  According  to  the 
recent  investigations  of  Zuntz  and  Bocdanow  ■  the  fat  belonging  to  the 
le-fibrcs  and  which  fa  difficultly  extracted  takes  part  in  work.  Besides 
these  there  are  several  researches  by  Voit,  Pettenkofer  and  Voit.  J. 
Frentzel,4  and  others  which  make  an  increased  destruction  of  fat  during 
work  probab 

If  the  results  of  the  investigations  thus  far  made  of  the  chemical  proc- 
esses going  on  in  the  active  anil  inaotta  muscle  were  collected  together,  we 
would  find  the  following  charact.i  i  ii  -  for  Uie  active  nmsele.  Hie  active 
le  takes  up  more  oxygen  and  gives  off  more  earhnn  dioxide  than  the 
inactive  muscle;  still  the  elimination  of  carl.wm  dioxide  is  increased 
fiiderably  more  than  the  absorption  of  oxygen.    The  respiratory  quo t 

CO 

,  u  found  to  be  regularly  raised  during  work;  yet  this  rise,  which  will 

be  explained  in  detail  in  a  following  chapter  on  metabolism,  can  hardly  be 
ioned  on  the  kind  of  processes  going  on  in  the  muscle  during  activity 

with  a  sufficient  supply  of  oxygen.    In  work  a  consumption  of  carbohydrates, 
gen,  and  sugar  takes  place.     A  consumption  of  sugar  seems  only  to 

have  been  shown  in  muscle  with  blood  circulation,  while  a  consumpt- 
ion also  has  been  observed  in  removed  muscle.    The  acid  reaction  of 

the  muscle  becomes  greater  with  work.    In  regard  to  the  extent  of  a  re- 


'  Caspari,  Pfluger'a  Arch.  85;  Borrustcin,  ibid.',  Keep,  Zcit*cbr.  f.  Biolugie,  43; 
Watte,  i  ■'.  B  Depart.  AgrieuH.  Bulletin  8»  (1001);  Atwater  and  Benedict.  Hid., 
Bull.  69  (ISM);  Loewy.  Arch.  f.  (Anat.  u.)  Physiol..  1901. 

1  Bofmeister's  Beitrago,  4. 

»  Arch.  f.  (Anat.  u.)  Physiol.,  1897. 

•Pfluger'a  Arch.,  68. 
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formation  of  lactic  acid  opinion  is  divided.     An  increased  consumption 
of  fat  has  occasionally  been  observed.     The  quantity  of  organic  | 
phorus  decreases,  and  an  increase  in  the  nitrogenous  extractives  of  the 
<  n.mninr  group  seems  al  ur.     Proteid  metabolism  has  been  found 

increased  in  certain  series  of  experiments,  and  not  in  others;  hut  an  in- 
creased elimination  of  nitrogen  as  a  direct  consequence  of  muscular  exertion 
has  thus  far  not  been  positively  proved. 

In  close  connection  with  the  above-mentioned  facts  there  is  the  question 
as  to  the  origin  of  muscular  activity  bo  far  as  it  has  its  origin  in  chemical 
processes.  In  the  past  the  generally  accepted  opinion  was  that  of  Lhbio, 
i  the  source  of  muscular  action  consisted  of  a  metabolism  of  the  proteid 
bodies;  to-d.-iy  mother,  generally  accepted,  view  prevails.  FicKand  W& 
IICBMXIB  '  climbed  the  Faulhorn  and  calculated  the  amount  of  mechanical 

expended  in  the  attempt.     With  this  they  compared  the  inech 
equivalent  transformed  in  the  same  time  from  the  proteids,  calculated  from 
the  nitrogen  eliminated  with  the  urine,  and  found  that  the  work  really 
performed  was   not  by  any  means  compensated  by  the  consumption  of 
proteid.     It  was  therefore  proved  by  this  that  proteid  alone  cannot  be  the 
source  of  muscular  activity,  end  that  this  depends  in  great  measure  I 
metabolism  of  non-nit .nrgennus  substance-.     Many  other  observations  have 
led  to  the  same  result,  especially  the  experiments  of  Voit,  of  Pettenkctbi 
and  Voir,  and  of  other  investigators,  whose  observations  show  that  while 
the  elimination  of  nitrogen  remains  unchanged,  the  elimination  of  carbon 
di"\ide  during  work  is  very  considerably  increased.    It  is  also  generally 
considered  as  positively  proved  that  muscular  work  is  produced,  at  least  in 
greatest  part,  by  the  metabolism  of  non-nitrogenous  substances.    >■■ 
thelese  there  is  no  warrant  for  the  statement  that  muscular  I         '      ■  pr- 
duced  entirely  at  the  cost  of  the  non-nitrogenous  substances,  and  that 
proteid  bodies  arc  without  importance  as  a  source  of  energy. 

The  investigations  of  Pfluokr  *  are  of  great  interest  in  this  connection- 
He  fed  a  bulldog  for  more  than  seven  months  with  meat  which  alone  did  not 
contain  sufficient  fat  and  carbohydrates  even  for  the  production  of  heart 
activity,  and  then  let  him  work  very  hard  for  periods  of  14,  35,  and  41 
days.  The  positive  results  obtained  by  these  scries  of  experiments  was  that 
'complete  muscular  activity  may  be  effected  to  the  greate-  in  the 

absence  of  fat  and  carbohydrates,"  and  the  ability  of  proteids  to  serve  as  I 
source  of  muscular  energy  cannot  be  denied. 

The  nitrogenous  as  well  as  the  non-nitrogenous  nutriments  may  servea* 
a  source  of  energy ;  but  the  views  are  divided  in  regard  to  the  relative  value 
of  these.     Pfluger  claims  that  no  muscular  work  takes  place  without  * 


1  Yierteljahreschr.  d.  Zurich,  imturf.  Gesellsch.,  10. 
roed-  Wu».,  1866,  309. 
>Pfl  user's  Arch,  50. 


Cited  from  Ccutraibl   (  i 


QUANTITATIVE  COMPOSITION  OF   TUE  MUSCLE. 


401 


soraposition  of  proteid,  and  the  living  cell-substance  prefers  always  the 
proteid  and  rejects  the  fat  and  sugar,  contenting  itself  with  these  only  when 
proteids  are  absent.  Other  investigators,  on  the  contrary,  believe  that  the 
muscles  first  draw  on  the  supply  of  non-nitrogenous  nutriments,  and  accord- 

■ing  to  Seeoen,  Chauveau,  and  Laulame  l  the  sugar  is  indeed  the  only 
direct  source  of  muscular  force.  The  last-mentioned  investigator  1 
that  the  fat  is  not  directly  utilized  for  work,  but  only  after  a  previous 
conversion  into  sugar.  Zuntz  and  his  collaborators  have  made  strong 
objections  to  the  corn-Tineas  of  such  a  view.  If,  according  to  Zcntz,  the 
fat  must  be  first  transformed  into  sugar  before  it  can  serve  as  source  of 
muscular  work,  it  must  require  about  30  per  cent  more  energy  to  perform 
the  same  work  with  fatty  food  as  it  docs  with  carbohydrates;  but  this  is 
not  the  0880.     The  investigations  of  Zintz  (together  with).  LOBB,  Hi ;inl- 

v,  1  kkv TO  i.  and  Reach  s  show  that  all  foodstuffs  have  nearly  the  same 
power  of  serving  as  material  for  the  work  of  the  muscles.  The  law  of  the 
Mil»titution  of  the  foodstuffs,  according  to  their  combustion  equivalents,  is 
also  true  for  muscular  w< irk  :uul  Eat  correspondingly  acta  with  its  full  amount 
of  energy  without  previously  being  transformed  into  sugar.     The  que*- 

■h  foodstuff  the  muscle  prefers  is  dependent  upon  the  quantity  of  the 
same  at  the  disposal  of  the  muscle.  A  direct  substitution  of  the  body 
material  by  the  bodies  supplied  as  food  does  not  take  place  in  the  muscular 
activity  in  the  ordinary  nutritive  condition.    According  to  Johansson  and 

vkn  3  the  CO,  excretion  produced  by  certain  work  is  not  influenced  by 
the  supply  of  foodstuffs  (proteid  or  sugar). 


SiEonuKD  considers,  as  above  stated,  the  phosphocarnic  acid  as  a  source  of 
energy.     According  to  bifl  and  Kici'i.Mi  s  *  researches  phosphocarnic  acid,  whiob 
on  cleavage,  among  other  bodies,  carbon  dioxide,  occurs  in  part  preformed 
in  the  muscle,  and  in  part  a-*  a  hypothetical  aldehyde  combination  of  the  same — a 
combiiiati  forms  phosphocarnic  acid  on  oxidation.     Siegfried  therefore 

makes  the  suggestion  that   in  ttV  resting  muscle,   which  requires  more  oxygen 
than  exists  in  the  carbon  dioxide  eliminated,  this  reducing  aldehyde  substun 
gradually   oxidized   to  |  i  mic  acid,  which  is  used  in  the  activity  of  the 

muscle  with  the  Bplittin    off  of  carbon  dioxide. 

Quantitative  Composition  of  the  Muscle.     A  large  number  of  analyses 

Meen  made  of  the  flesh  of  various  animals  for  purely  practical  purposes, 

in  order  to  determine  the  nutritive  value  of  different  varieties  of  meat;  but 

are  no  exact  scientific  analyses  with  sufficient  regard  to  the  quantity  of 


1  See  Seegcn,  foot-note  3,  page  306.  The  works  of  Chauveau  and  his  collaborators 
are  found  in  Compt.  rend.,  121,  122,  unci  123;  Laidanic,  Arch,  de  Physiol.  (5),  8. 

1  Loch.  Arch.  f.  (Anat.  u  )  Physiol.,  1894 ;  Heinemann,  Pfliiger'a  Arch., 83;  Freotzel 
aud  Reach,  ibid. 

'Bkand  Arch.  f.  Physiol,  18. 

•  Zeitschr.  f.  physiol.  Chem.,  22. 
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different  proteid  bodies  and  the  remaining  muscle-constituents,  or  these 
analyses  are  incomplete  or  of  little  value. 

To  give  the  reader  some  idea  of  the  variable  composition  of  muscle- 
substance  the  following  summary  is  presented,  chiefly  obtained  from  K  B. 
Hofmann  's  *  book.    The  figures  are  parts  per  1000. 

Muscles  of  Muscles  of  rvfeSfclLi 

Mammal*  Bird*.  0q^^ 

Solids 217-255  227-282  200 

Water. 745-783  717-773  800 

Organic  bodies 208-245  217-263  180-190 

Inorganic  bodies 9-10  10-19  10-20 

Myosin 35-106  29.8-111  29.7-87 

Stroma  substance  (Dantujwsky) 78-161  88.0-184  70.0-121 

Creatine 2                            3.4  2.3 

Xanthine  bodies. . 1.3-1.7  0.7-1.3  — 

Inosinic  acid  (barium  salt) 0.1  0.1-0.3  — 

Protic  acid —                          —  7.0 

Taurin 0.7  (horse)               —  1.1 

Inosite 0.03                         —  — 

Glycogen 4-37                        —  8-5 

Lactic  acid 0.4-0.7                       —  — 

Phosphoric  acid 3 . 4-4 . 8 

Potash 3.0-4.0 

Soda 0.3 

Lime 0.2 

Magnesia 0.4 

Sodium  chloride 0.04-0.1 

Iron  oxide 0.04-0. 1 

In  this  table,  which  has  little  value  because  of  the  variation  in  the  com- 
position of  the  muscles,  no  results  are  given  as  to  the  estimates  of  fat.  Owing 
to  the  variable  quantity  of  fat  in  meat  and  the  incompleteness  of  the  older 
methods  of  estimation  it  is  hardly  possible  to  quote  a  positive  average  for 
this  body.  After  most  careful  efforts  to  remove  the  fat  from  the  muscles 
without  chemical  means,  it  has  been  found  that  a  variable  quantity  of  inter- 
muscular fat,  which  does  not  really  belong  to  the  muscular  tissue,  always 
remains.  The  smallest  quantity  of  fat  in  the  muscles  from  lean  oxen  is 
6.1  p.  m.  according  to  Grouven,  and  7.6  p.  m.  according  to  Petersen. 
This  last  observer  also  found  regularly  a  smaller  quantity  of  fat,  7.6-8.6 
p.  m.,  in  the  fore  quarters  of  oxen,  and  a  greater  amount,  30.1-34.6  p.m., 
in  the  hind  quarters  of  the  animal,  but  this  could  not  be  substantiated 
by  Steil.2  A  small  quantity  of  fat  has  also  been  found  in  the  muscles 
of  wild  animals.  B.  Ko.vig  and  Farwick  found  10.7  p.  m.  fat  in  the  muscles 
of  the  extremities  of  the  hare,  and  14.3  p.  m.  in  the  muscles  of  the  partridge. 
The  muscles  of  pigs  and  fattened  animals  are,  when  all  the  adherent  fat 
is  removed,  very  rich  in  fat,  amounting  to  40-90  p.  m.    The  muscles  of 


1  Lehrbuch  d.  Zoochem.  (Wien,  1876),  104. 
1  See  Steu,  Pnuget's  Xxck.,  CL 
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certain  fishes  also  contain  a  large  quantity  of  fat.  According  to  Almbx, 
in  the  flesh  of  the  salmon,  tht-  mackerel,  and  the  eel  there  are  contained 
respectively  1<X»,  164,  and  329  p.  m.  fat,1 

The  quantity  of  uxiter  in  the  muscle  is  liable  to  considerable  variation. 
The  quantity  of  fat  has  a  special  influence  on  the  quantity  of  water,  and  one 
finds,  as  a  rule,  that  the  flesh  which  ifl  deficient  in  water  is  correspondingly 
rich  in  fat.  The  quantity  of  water  does  not  depend  alone  upon  the  amount 
of  fat,  but  upon  many  other  circumstam  r-s.  among  which  must  be  mentioned 
the  age  of  the  animal.  In  young  animals  the  organs  in  general,  and  there- 
fore also  the  muscles,  are  poorer  in  solids  and  richer  in  water.  In  man  the 
quantity  of  water  decreases  until  mature  age,  but  increases  again  towards 
old  age.  Work  and  rest  also  influence  the  quantity  of  water,  for  the  active 
-mains  more  water  than  the  inactive.     The  uninterruptedly  active 

I  should  therefore  be  the  muscle  richest  in  water.     That  the  quantity 
of  water  may  vary  independently  of  the  amount  of  fat  is  strikingly  shown 

'inparing  the  muscles  of  different  species  of  animals.  In  cold-blooded 
animals  the  muscles  generally  have  a  greater  quantity  of  water,  in  birds  a 
.  The  comparison  of  the  flesh  of  cattle  and  fish  shows  very  Strikingly 
fferent  amounts  of  water  (independent  of  the  quantity  of  fat)  in  the 
flesh  of  different  animals.  According  to  the  analysis  of  Alm6\,'  the  muscles 
of  lean  oxen  contain  15  p.  m.  fat  and  707  p.  m.  water;  the  flesh  of  the 
pike  contains  only  1.5  fat  and  S30  p.  m.  water. 

For  certain  purposes,  as,  for  example,  in  experiments  on  metabolism,  it 
is  important  to  know  the  elementary  ooxnposHios  <>i  flesh.  In  regard  to 
Ifae  quantity  of  nitrogen  we  generally  accept  Voit's  figure,  namely.  3.4 
per  cent,  as  an  average  for  fresh  lean  meat.  According  to  Nowak  and 
Huppkrt  '  this  quantity  may  vary  about  0.6  per  cent,  and  in  more  exact 
investigations  it  is  therefore  necessary  to  specially  determine  the  nitrogen. 
Complete  elementary  analyses  of  flesh  have  recently  been  made  with  great 
care  by  AMI  TINBKV.  The  average  for  ox-flesh  dried  in  mcuo  and  free 
from  fat  and  with  the  glycogen  deducted  was  as  follows:  C  49.6:  H  6.9; 
0+8  23.0 ;  and  ash  5.2  per  cent .  KoHLF.tt  found  as  an  average  for 
water  and  fat-free  beef  ( '  49.88;  1 1  8  78;  N  15.68]  0+  B  22.3  per  cent .  - 
are  very  similar  results.  This  investigator  has  also  made  similar  analyses 
of  the  Bosh  of  various  animals  atul  has  also  determined  the  calorific  value 
of  the  ash  and  fat-free  dried  meat  substance.  This  value  was,  per  gram 
of  substance,  5.699  5J577  sal.    The  relation  he  carbon  to  nitrogen, 

1  In  regard  to  the  literature  and  complete  statement*  on  the  composition  of  fle*h 
of  various  animals,  see  Konig,  Chemie  der  menachlichcn  Xahrungs-  und  Genussmittel, 
4.  Aufl. 

jva  Act.  reg.  Soc.  Scicnt.  I'psal.,  Vol  extr.  ord.,  1S77;  also  Maly's  Jahrcsber  ,  7 

1  V<rit,  Zeitscbr.  f.  Biologic,  1;  Huppcrt,  \bid.,  7;  Nowak,  Wien  Sitzungabcr,  Gl, 
Abth.  II 
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which  Argdtinsky  calls  the  "klesh  quotifat,"  is  on  an  average  3.24:1. 
From  Knin, kh's  analyses  the  average  for  beef  is  3.15  : 1  and  for  horse-flesh 
3.38  : 1.  According  to  Salkowskj,  of  the  total  nitrogen  of  beef  77.4  per 
cent  was  insoluble  proteids,  10.08  per  cent  soluble  proteids,  anil  12.52  per 
cent  other  soluble  bodies.  Frentzkl  and  Schkkukk  '  find  that  about 
7.74  per  cent  of  the  total  nitrogen  belongs  to  the  nitrogenou 

There  exist  complete  investigations  by  Katz  2  as  to  the  quantity  of  min- 
eral constituents  of  the  muscles  from  mini  and  animals.  The  variation  in 
the  different  elements  is  considerable.  Pork  is  much  richer  in  «odinm  as 
compared  with  potassium  than  other  kinds  of  meat.  The  quantity  of  mag- 
nesium is  greater  and  often  considerably  greater  than  calcium  in  all  kinds  of 
flesh  invest igated,  with  the  exception  of  shell-fish,  the  eel,  and  the  pike. 
Beef  is  very  poor  in  ealcium.  Potassium  ami  phosphoric  acid  are  the  most 
abundant  mineral  constituents  of  all  fit 


Non-striated  Muscles. 

The  smooth  muscles  have  a  neutral  or  alkaline  reaction  (Du  Bow 
RSTUOHD)  when  at  rest.  During  activity  they  are  acid,  which  is  inferred 
from  the  observations  of  Rkhnstkin,  who  found  that  the  nearly  continuaDr 
contracting  sphincter  muscle  of  the  An/xionta  is  uid  'luring  life.  The 
smooth  muscles  may  also,  according  to  Heidenhain  and  Ki  iim  .  pat 
rigor  mortis  and  thereby  become  acid.  A  .spontaneous  but  slowly  coagulsl- 
ing  plasma  has  also  been  observed  in  several  cases. 

In   regard  to  the  proteids  of   'he  BIDOOth   muscles   we   have  the  o[\r 
statements  of  Heidenhain  and  Hellwiq;  *  the1  st  carefully  studied 

according  bo  newer  methods  by  Mink  and  Ykuciu.4  This  last  experi- 
menter has  prepared  a  neutral  plasma  from  the  gizzard  of  geese,  according 
to  v.  Furth's  method.  This  plasma  coagulated  spontaneous  . 
temperature  of  the  room,  although  slowly.  It.  contained  a  globulin,  pre- 
cipitated by  dialysis,  which  coagulated  at  55-00°  C.  and  also  showed  c^ 
tarn    similarities   with    Kuiink's    myosin.     A   spontaneous!  iting 

albumin,  which  differed  from  myogen  (\ .  Firth)  by  coagulating  at45-oO°Cr 
and  which  passes  by  spontaneous  coagulation  into  the  coagulated  mo 
tion  without  a  soluble  intermediate  product,  exists  in  still  greater  quan- 
tities in  this  plasma.     Alkali  albuminates  do  not  occur,  but  a  nucUvprotttt 

1  Argutinsky,  Pfl  tiger's  Arch.,  55;    Kiihler,  Zeitachr.  f.  physiol.  Chcm,,  Jl;  S*l'' 
kovraki,  Central!*],  f.  d.  med.  W'isaensch.,  1894;  FrenUel  and  Schreuer,  Arch.  f.  (Ac**- 
u.)  PhyBiol.,  1902. 

1  Pfltiger's  Arch.,  K3.     See  alao  .Schmcy,  Zoitachr.  f.  physic  39 

*  Du  Bois-Iteyinond  in  Souse,  Hermann's  Ilandb.,  1,  339;  Bcrnatein. 
haiu,  (bii,  310.  with  Ballwig,  JMdL,  339;    Kiihne,  Lehrbuch,  331. 

•Munk  and  Velichi.  Centralbl.  f.  Physiol.,  12. 
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found,  which  exists  in  about  five  times  the  quantity  as  compared  with 
riated  muscles. 

Recent  investigations  of  Bottazzi  and  Cappeli,  Vincent  and  Lewis, 
djcent,  and  v.  Furth,1  some  on  the  muscles  of  warm-blooded  and  some 
1  those  of  lower  animals,  have  led  to  somewhat  contradictory  results,  but 
ley  substantiate,  as  a  whole,  the  observations  of  Munk  and  Velichi. 
esides  the  nucleoproteids  the  smooth  muscles  contain  two  bodies  corre- 
jonding  in  coagulation  temperature  to  musculin  and  myosinogen  (myogen, 
.  Furth)  but  they  are  not  identical  therewith. 

Haemoglobin  occurs  in  the  smooth  muscles  of  certain  animals,  but  is 
beent  in  others.  Creatine  has  been  found  by  Lehmann.2  According  to 
remy  and  Valenciennes  ■  the  muscles  of  the  cephalopods  contain 
turin  besides  creatinine  (creatine  t).  Of  the  non-nitrogenous  substances, 
lycogen  and  lactic  acid  have  been  found  without  doubt.  The  mineral  con- 
tituents  show  tho  remarkable  fact  that  the  sodium  combinations  exceed 
he  potassium  combinations. 

1  Bottazzi,  Centralbl.  f.  Physiol.,  16;  Vincent  and  Lewis,  Joum.  of  PhysioL,  36} 
fincent,  Zeitschr.  f.  physiol.  Chem.,  34;  v.  Furth,  ibid.,  81. 
'Cited  from  Nasse,  1.  c,  339. 
1  Cited  from  Kuhne's  Lehrbuch,  333. 
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BRAIN  AND  NERVES. 


On  account  of  the  difficulty  in  making  u  mechanical  separation 
Isolation  of  the  different  tissue-elements  of  the  nervous  central  organ  and 
the  nerves,  we  must  resort,  to  a  few  microchemieul  reactions,  chiefly  to 
qualitative  and  quantitative  investigations  of  the  different  parts  of  the 
brain,  in  order  to  study  the  varied  chemical  composition  of  the  cells  and 
the  nerve-axes.     This  study  is  accompanied  with  the  greatest  difficulty; 

although  our  knowledge  of  the  chemical  composition  of  the  brain  and 
nerves  has  been  somewhat  extended  by  the  investigations  of  modern  time*, 
.-till  it  must  be  admitted  that  this  subject  is  a*  yet  one  of  the  most  obscure 
and  complicated  in  physiological  chemistry. 

Proteids  of  different  kinds  have  been  shown  to  be  chemical  constituenta 
of  the  brain  and  nerves.  Some  of  them  are  insoluble  in  water  and  dilute 
neutral-salt  solutions,  and  some  are  soluble  therein.  Among  the  latter  aw 
found  albumin  and  ijlubulin.  Nvclcoaibumin,  which  is  often  considered  « 
an  alkali  albuminate,  also  occurs  in  the  brain.  Just  as  there  arc  lecithin- 
albumins,   compounds  of  nucleoalbumins  with  lecithin,  so  according  to 

i  vm  and  Lelli  '  there  exists  an  analogous  compound  with  protagon  in 
the  brain  which  is  considered  by  these  c  iters  as  a  combination 

between  protagon  and  a  pseudonucleiii.  Halliburton  j  found  two  globu- 
lins, in  i  lie  brain,  one  of  which  coagulated  at  47-50°  C.  and  the  Otb 
7ti  ('.  He  found  in  the  gray  matter  a  nucleoalbumin  which  coagulated 
at  56-60° C.  and  contained  0.5  j>er  cent  phosphorus.  It  is  not  known 
what  relation  this  nucleoalbumin  bears  to  the  nuclcoproteid  detected  by 
I.kvkne  a  which  contains  about  the  same  quantity  of  phosphorus,  namely 
0.66  per  cent.  This  last-mentioned  nucleoprotcid  yields  adenine  and 
guanine  as  cleavage  products.  There  does  not  seem  to  be  any  doubt 
that  the  proteids  belong  chiefly  to  the  gray  substance  of  the  brain 
and    to   the  axis-cylinders.     The  same  remarks  apply   to   the  nude*, 


'  Cited  from  Chem.  CentralbL,  1902,  2,  292. 

1  On  the  chemical  physiology  of  the  animal  cell,  Kings  College,  London,  Pbys*" 
logical  Laboratory  Collected  Papere  No.  1,  1893. 

*  Arch,  of  Neurology  and  Psychopathology,  2  (1899). 
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[MB1  found  in  large  quantities  in  the  pr  nee,     Xcuro- 

k'T'.itiv..  which  was  first  detected  by   Kin.NE,  and  which  partly  forms  the 

neuroglia,  and  which  as  a  double  sheath  envelops  the  outside  of  the  nerve 

medulla  under  s<  ,   and    the   inner  axis-cylinders,   chiefly 

occurs  in  the  white  substance  (Ki'hne  and  Chittenden,  Baumstark  a). 

The  phosphorized  ••  jn-oUujon  must  be  considered  M  OH  of  the 

perhaps  the  only  constituent  (R.m:mstakk  \,  whito 

»nce.     This  last -mentioned  substance,  if  we  keep  for  the  present  to 

i    carefully   Studied    prutagon — bOCaUBe   there  are  perhaps  several 

»  different  piOtagons     yieldl  U  decomposition  products,  lcciiliin,  fatty  acids, 
and   a   nitrogenous  substance,  cerebrin.     It  i?   difficult  to  Btf  iier 

body  also  exists  preformed  in  the  brain.     At  least  an  allied  snbsbmn ■, 
cerebron,  occurs  preformed  in  the  brain.     Th  -i  also  is  pre-existent 

in  the  brain  and  nerves  can  hardly  be  doubted.     The  inve-  thus 

ir  made  have  not  shown  d  whether  it  abundant  in  the 

}  or  the  white  substance.    Fatty  adds  and  neutral  fata  maybe  prepared 
from  the  brain  and  nerves;    1.  <  xe  may  be  readily  derive.!   from  B 

lecomposition   of  leeithm   an.l   protagon,    which        [si    i      the  fatt> 
between  the   nerve-axes,  it  is  difficult  to  dM  .-it  part  the  fatty  acids 

and   neutral  Pate  play  as  ronstitQei]  real  nerve-substance.     Choles- 

in  is  also  found  in  the  brain  and  nerves,  in  part  free  and  in  part  in  a  chem- 
■'.'i  of  unknown  constitution  (H.m'mstakk).   CSboketerin  seetne 
ir  in  greater  abundance  in  the  white  substance.     Besides  these  sub- 
tances  the  nerve  tissue,  especially  the  white  substance,  contains  doubtless 
Other  consti'  tot   well   known,   and   among    which   are 

I    containing   phosphorus.    IteuufCHUit,'  who  has  made   thoro 

of  the  brain  and  has  described  a  great  number  of  brain  con- 
has  given  the  name  phoep  see  of  the  brain 

aining  the  phosphoric-acid  radical.  Those  phosphatides,  which  con- 
tain only  one  ]>h  uod  radical,  are  called  monop'.  those 
with  lis,  diphosphatides.  The  monophosphates  can  con- 
tain one,  two,  or  more  nitrogen  ato-  -ir  molecule,  while  tin -re  are  also 
-en-free  monopho  [Respective  of  the  relation  between 
IS  and  nitrogen  certain  phosphatides  differ  from  the  lecithins  by 
it  yielding  any  glycerophosphoric  add.  These  investigations  of  Thudi- 
ium  are  without  doubt  of  great  importance,  but  as  the)  Dot  been 
jpeated  we  cannot  enter  into  a  discussion  of  the  bodies  described  by  him. 
lowing  water  to  act  on  the  contents  of  the  medulla,  round  or 


1  P8uger'a  Arch.,  13. 

'  Kuhne  and  Chittenden,  Zeitachr.  f.  Biologic.  26;  Baumatark,  Zeitachr.  f.  phvaiol. 
jem.,  9. 

1  Thudichum,  Die  chemUche  Konatitution  dea  Gehirna  dea  Menachen  und  der  Tiere. 
Tubingen,  1901. 
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oblong  double-contoured  drops  or  fibres,  not  unlike  double-contoured 
nerves,  an'  Conned.  This  remarkable  formation,  which  ran  also  be  seen  it 
tin'  medulla  of  the  dead  nerve,  has  been  called  "myeline  forms,"  and  they 
were  formerly  considered  as  produced  from  a  special  body,  "myeline." 
II  vt-line  forms  may,  however,  be  obtained  from  other  bodies,  such  as  in 
protagon,  lecithin,  fat,  and  impure  cholesteHn,  and  they  depend  upon  a 
imposition  of  the  constituents  of  the  medulla.  According  to  Gad  and 
IIeymans  ■  myeline  is  lecithin  in  a  free  condition  or  in  loose  chemical  com- 
bination. 

The  extractive  bodies  seem  to  be  almost  the  same  as  in  the  mi 
One  finds  creatine,  which  may,  however,  be  absent  (Baumstare),  ZSM 
bodies,  inosite,  lactic  acid  (also  fermentation  lactic  acid). phosphocarnic odd, 
uric  acid,  jrcorin  (according  to  Balm,'  in  the  human  brain),  and  the  diamine 
ncuridinr. ,  C4HHX3,  discovered  by  Bkikger  *  and  which  is  most  interesting 
because  of  its  appearance  in  the  putrefaction  of  animal  tissues  or  in  cultural 
of  the  typhoid  bacillus.  Under  pathological  conditions  leucin  and  una  have 
been  found  in  the  brain.  Urea  is  also  a  physiological  constituent  of  the 
brain  of  cartilaginous  fishes. 

i  >f  the  above-mentioned  constituents  of  the  nerve-substance  protagon 
and  its  decomposition  products,  the  cerebrins  or  cerebrosides,  must  be 
specially  described. 

Protagon.  This  body,  which  was  discovered  by  Lieisueich,  is  a  nitrog- 
enized  and  phosphofized  substance  whose  elementary  composition,  accord- 
ing to  GAHQEB  and  Blankenhorn,  is  C  66.39.  II  10.09,  N  2.39,  and  P  1.088 
per  not  Uaumstauk  and  Uuppel  obtained  the  same  figures,  while  I.ikb- 
reich  found  an  average  of  2.S  it  X  and  1.23  per  cent  P.    KOSML 

and  Freytaq,  who  obtained  still  higher  figures  for  the  nitrogen,  namely, 
3.25  per  cent,  and  somewhat  lower  figures  for  the  phosphorus,  0.97  per  cent, 
found  some  sulphur,  an  average  of  0.51  per  cent,  regularly  in  the  protagon. 
Ruppel  also  found  some  sulphur,  but  in  such  small  quantity  that  hi 
sidercd  it  as  a  contamination.  On  boiling  with  baryta-water  protagon 
yields  the  decomposition  products  of  lecithin,  namely,  fatty  acids,  gl. 
,'horic  acid,  and  choline  (neurine?),and  besides  thus,  as  above  stated, 
ccrebrin.  KJOtBM  and  I'ueytac  found  that  protagon  not  only  yielded  cere- 
brin  in  its  decomposition,  but  two  and  perhaps  indeed  three  cerebrosides 
(see  below),  namely,  cikeuui.n,  kerasin  (homoccrcbrin),  and  encephalic 
Because  nf  this  behavior,  and  also  because  of  the  varying  elemei 

LtSoa  although  the  greatest  care  was  taken  in  the  preparation 
considers  it  very  probable  that  there  are  several  protagons.     Recent  investi- 


1  Du  BoU-Reyraond 's  Arch.,  1S90. 

»/6uf.,  18S7,  Supplbd. 

1  Brieger,  TJebet  Ptomaine.     Berlin.  1885  and  1886. 
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gations  of  Worker  and  Thierfelder,  as  well  as  those  of  Lesem  an 
ihow  that  protagon  is  not  a  unit  substance  but  a  mixture. 

On  boiling  with  dilute  minir.il  acids,  protagon  yields  amOQg  other  sub- 
etancei  I  reducing  oaibohydxata    *  to  ooddatioi]  with  nitric  acid  protagon 
ijgher  fatty  si. 

Protagon  appears,  when  dry,  aa  a  loose  white  powder.  It  dissolves  in 
alcohol  of  B  it  4")°  0.,  but  .separates  on  cooling  as  a  snow- 

whit^,  flaky   pr  of   halls   ot  groups  of  tine  crystalline 

needles.  It  decomposes  on  heating  even  below  100°  0.  It  IB  hardly  soluble 
in  cold  aleohol  or  ether,  but  dissolves  on  wanning.  It  swells  in  little  water 
and  partly  dsoompOMB.  With  more  water  it  swell*  to  a  gelatinous  or  pasty 
mass,  which  with  much  water  yields  an  opalescent  liquid.  On  fusing  with 
saltpeter  and  soda,  alkali  phosphates  are  obtained. 

Protag-  spared  in  the  following  way:    An  ox-brain  as  fresh  as 

po  nth  the  blood  and  membranes  carefully  removed,  is  ground  tine 

and  then  extracted  f«>r  several  hours  with  alcohol  of  85  fok-  061 

the  same  temperature,  and  the  residue  extracted  with 
warm  alcohol  until  the  filtrate  doe  M  I  precipitate  at  0°  C.     The 

several  alcoholic  extracts  are  cooled  to  0°  C.  and  tin  precipitates  united  and 
completely  extracted  with  cold  ether,  v.  olvefl  the  eholesterin  and 

uin-like  bodies.     The   residue   i-    now   strongly  preaood  between   filter- 
paper  and  allowed  to  dry  over  sulphuric  acid  or  phosphoric  anhydrid. 
is  now  pulverised,  digested  with  alcohol  at  45°  0., filtered,  and  slowly  cooled 
to  0°  C.     The  crystals  which  separate  may  be  purified  when  necessary  by 
recrystallization. 

The  same  steps  are  taken  when  one  wishes  to  detect  the  presence  of  pro- 
tagon. 

On  decomposing  protagon  or  the  protagons  by  the  gentle  action  of 
alkalies  we  obtain  as  cleavage  products,  8  1,  one  or  more  bodies 

which  THunicHUM  has  embraced  under  the  name  cerebrosides.  The  OCTC 
brosides  are  nitrogenous  substances  free  from  phosphorus,  which  yield  a 
reducing  variety  of  sugar  (galactose)  on  boiling  with  dilute  mineral  acids. 
On  fusing  with  potash  or  by  oxidation  with  nitric  acid  they  yield  higher 
Is:  palmitic  or  stearic  aei<ls.  The  cerebrosidesi  isolated  from  the 
lirin,  kerasin.  encephalin,  and  cerebron.  The  bodies  isolated 
EoBSBL  and  Frbttag  from  pus,  and  called  pyosin,  and  pyogenin  also 
long  to  tbe  cerebrosides. 

Cerebrin.     Under  this  name  W.  Mii.i.kk  •  first  described  a  nitrog 
ibstance,  free  from  phosphorus,  which  he  obtained  byextractuig  with  I 

1  Gamgee  and  niankonhorn,  ZcHM&r,  f  phy.siol.  Chpm  ,  I;  Rauimtark,  I.  c. ; 
Ruppol,  Z*-it-srhr  f.  Hioloiri--,  III;  I  i.'l»r«>irh,  Annal  d.  Chnm.  0,  I'hurni  ,  131;  Koesel 
and  Freytag,  Zeitschr.  f.  phvsiol  Chrm  ,17;  W5rner  and  Thierfelder,  ibid.,  30;  Lesem 
and  Gins,  Amor.  Joum.  of  Physiol.,  S. 

'  Annal.  d.  Chcm.  u.  Phann..  105. 
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ing  alcohol  a  brain-mass,  which  had  been  previously  boiled  with  baryta- 
water.  Following  a  method  essentially  the  same,  but  differing  somewhat, 
Geoqheqan  l  prepared  from  the  brain  a  cerebrin  with  the  same  properties 
as  Muller's,  but  containing  less  nitrogen.  According  to  Parous*  the 
cerebrin  isolated  by  Geoghegan,  as  well  as  by  Muller,  consists  of  a  mixture 
of  three  bodies, ' '  cerebrin, "  "  homocerebrin, ' '  and  ' '  encephalin. ' '  Kossel 
and  Freytag  isolated  two  cerebrosides  from  protagon  which  were  identical 
with  the  cerebrin  and  homocerebrin  of  Parous.  According  to  these  inves- 
tigators the  two  bodies  phrenosin  and  kerasin,  as  described  by  Thudichum, 
seem  to  be  identical  with  cerebrin  and  homocerebrin. 

Cerebrin,  according  to  Parous,  has  the  following  composition:  C  69.08, 
H  11.47,  N  2.13,  O  17.32  per  cent,  which  corresponds  with  the  analyses  made 
by  Kossel  and  Freytag.  No  formula  has  been  given  to  this  body.  In 
the  dry  state  it  forms  a  pure  white,  odorless,  and  tasteless  powder.  On 
heating  it  melts,  decomposes  gradually,  smells  like  burnt  fat,  and  bums 
with  a  luminous  flame.  It  is  insoluble  in  water,  dilute  alkalies,  or  baryta- 
water;  also  in  cold  alcohol  and  in  cold  or  hot  ether.  On  the  contrary,  it  is 
soluble  in  boiling  alcohol  and  separates  as  a  flaky  precipitate  on  cooling, 
and  this  is  found  to  consist  of  a  mass  of  balls  or  grains  on  microscopical 
examination.  Cerebrin  forms  a  compound  with  baryta,  which  is  insoluble 
in  water,  and  is  decomposed  by  the  action  of  carbon  dioxide.  Cerebrin 
dissolves  in  concentrated  sulphuric  acid,  and  on  warming  the  solution  it 
becomes  blood-red.  The  variety  of  sugar  split  off  on  boiling  with  mineral 
acids — the  so-called  brain-sugar — is,  according  to  Thierfelder,8  galactose. 

Kerasin  (according  to  Thudichum),  or  homocerebrin  (according  to 
Parous),  has  the  following  composition:  C  70.06.  H  11.60,  N  2.23.  and 
U  1G.11  per  cent.  Encephalin  has  the  composition  C  68.40,  H  11.60, 
X  3.09,  and  O  16.91  per  cent.  Both  bodies  remain  in  the  mother-liquor 
after  the  impure  cerebrin  has  precipitated  from  the  warm  alcohol.  These 
bodies  have  the  tendency  of  separating  as  gelatinous  masses.  Kerasin  is 
similar  to  cerebrin.  but  dissolves  more  easily  in  warm  alcohol  and  also  in 
warm  ether.  It  may  be  obtained  as  extremely  fine  needles.  Encephalin 
is,  according  to  Parous,  a  transformation  product  of  cerebrin.  In  the 
perfectly  pure  state  it  crystallizes  in  small  lamellae.  It  swells  into  a  pasty 
mass  in  warm  water.  Like  cerebrin  and  kerasin,  it  yields  a  reducing  sub- 
stance (probably  galactose)  on  boiling  with  dilute  acid. 

The  cerebrins  are  generally  prepared  according  to  Muller's  method. 
The  brain  is  first  stirred  with  baryta-water  until  it  appears  like  thin  milk, 
and  then  it  is  boiled.  The  insoluble  parts  are  removed,  pressed,  and  re- 
peatedly boiled  with  alcohol,  which  is  filtered  while  boiling  hot.   The 

1  Zcitschr.  f.  physiol.  Chcm.,  3. 

1  Parcua,  Ueber  einige  neue  Gehirnstoffe.     Inaug.-Diss.  Leipzig,  1881. 

1  Zeitschr.  f .  physiol.  CYicm. ,  1A. 
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impure  cerebrin  which  separatee  on  cooling  is  freed  from  cholesterin  and 
fat  by  means  of  ether  and  then  purified  by  repeated  solution  in  warm 
alcohol.  According  to  Parous  this  repeated  solution  in  alcohol  is  con- 
tinued until  no  gelatinous  separation  of  homocerebrin  or  encephalin  takes 
place. 

Acording  to  Geogheqan  's  method  the  brain  is  first  extracted  with  cold 
alcohol  and  ether  and  then  boiled  with  alcohol.  The  precipitate  which 
separates  on  the  cooling  of  the  alcoholic  filtrate  is  treated  with  ether  and 
then  boiled  with  baryta-water.  The  insoluble  residue  is  purified  by  repeated 
solution  in  boiling  alcohol. 

The  cerebrin  may  also  be  obtained  from  other  organs  by  employing  the 
above  methods.  The  quantitative  estimation,  when  such  is  desired,  may  be 
performed  in  the  same  way. 

Kossel  and  Freytag  prepare  cerebrin  from  protagon  by  saponifying  it 
in  solution  in  methyl  alcohol  with  a  hot  solution  of  caustic  baryta  in 
methyl  alcohol.  The  precipitate  is  filtered  off  and  decomposed  in  water  by 
carbon  dioxide  and  the  cerebrin  or  cerebroside  extracted  from  the  insoluble 
residue  with  hot  alcohol. 

Cerebron  is  a  substance  belonging  to  the  cerebroside  group  which  can 
be  prepared  from  the  brain  without  saponification  with  baryta  even 
at  a  temperature  below  50°  C,  hence  it  may  exist  preformed  in  the 
brain.  This  substance  first  isolated  by  Worner  and  Thierpelder  *  has 
the  composition  C  69.16,  H  11.54,  N  1.76,  0  17.54  per  cent.  It  melts  at 
212°,  dissolves  in  warm  alcohol  and  separates  out  on  cooling.  From  proper 
solvents  (acetone  containing  chloroform)  it  may  be  separated  as  small 
needles  or  plates.  If  cerebron  is  suspended  in  85  per  cent  alcohol  at  a 
temperature  of  50°  C.  it  balls  together  in  amorphous  masses  and  from 
these  needle  and  leaf-shaped  crystals  gradually  form.  Cerebron  also 
yields  galactose. 

Cephalin  is  a  body  similar  to  lecithin,  whose  formula,  based  upon  the 
investigations  of  Thudichum  and  of  W.  Koch,  is  probably  C^H^NPOu- 
Cephalin  contains  only  one  methyl  group  and  according  to  Koch  is  probably 
a  dioxy8tearylmonomethyl  lecithin.  It  is  amorphous  and  swells  up  in 
water  like  lecithin.  It  is  soluble  in  cold  ether,  glacial  acetic  acid,  and  chloro- 
form, but  is  insoluble  in  acetone  and  in  alcohol,  either  cold  or  warm.  It 
is  obtained  from  the  brain  after  dehydration  with  acetone  by  extraction 
with  ether  and  precipitating  the  concentrated  ethereal  extract  with  alcohol. 
The  cephalin  is  perhaps  identical  with  the  myeline  substance  isolated  by 
Zuelzer  *  from  the  brain.  According  to  Thudichum  it  contains  a  specially 
unsaturated  fatty  acid  called  cephalic  acid. 

Bethb*  has  prepared  the  following  decomposition  products  from  the  brain 
of  the  horse  after  treatment  with  CuCL,  and  alkali :  aminocerebrinic-acid  glucoside, 

1  Zeitschr.  f.  physiol.  Chera.,  80. 

*  W.  Koch,  Zeitschr.  f.  physiol.  Chem.,  36;  Zuelzer,  ibid.,  27. 

•Arch.  f.  exp.  Path.  u.  Pharm..  48. 
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t',«Hgl08N,  wlii di  nil  boiling  with  hydrochloric  acid  yields  corebrinic  acid,  amino- 
cerebrinic-acid  dlloiufe,  and  a  hexose  (galactose?);  phrenin,  perhaps  identic*! 
unli  TiiLuiciuM  s  knnosin;  ccrebrinic-phosphoric  acid,  and  a  stearic  acui  differing 
somewhat  from  the  ordinary  one. 

N  uridine,  <'5H„N,,  is  a  non-poisonous  diamine   discovered  by  BBUQtt,  and 
which  was  obtained  by  bin  in  the  putrefaction  of  mint  tine,  ar.<i 

culture*  of  the  typhoid  bacillus.     It  also  occurs  under  physiological  cono: 
In  the  brain,  bom  in  ii»  yolk  of  the  egg. 

null  in-  tfisaoLvofl  iti  \\a!  i  i  and  veilds  on  boiling  with  alkalies  a  mixture  of. 
dhnethylamine  and  trimclhylamine.  It  dissolves  with  difficulty  in  amy  1  alcohol 
It  is  msoluhl<:  in  ether  oral  I.     Inthefreeatate  neondinenwapaealiif 

odor  raggeetlna  Bemes     With  jiydroehlortfl  add  it  gives  a  combination  exystallu- 

ing  in  long  needles.      Willi  plattllic  chloride  Of  pold  chloride  it  gives  crygtalliiable 
ble  combinations  which  are  valuable  in  its  preparation  am  ion. 

The  ao-caQed  CORPl  SI  t'l.v  amyi.acka,  which  occur  on  the  upper  surface  of  the 
brain  and  in  the  pit  uir.i ry  gland,  are  colored  more  or  less  pure  -  '"dine 

and  more  blue  by  sulphuric  acid  and  iodine.  They  consist,  perhaps,  of  the  same 
substance  as  certain  prostatic  calculi,  but  they  have  not  been  closely  investigated. 

Quantitative  Composition  of  the  Brain.  The  quantity  of  water  is  greater 
in  the  gray  than  in  the  white  substance,  and  greater  in  new-born  or  young 
individuals  than  in  adults.  The  brain  of  the  tutus  contains  870-926  p.m. 
water.     According    to   the  observations  of  Weisdacii  l   the   quantii 

in  the  several  parts  of  the  brain  (and  in  the  medulla)  varies  at  di.fir.r- 
ent  ages.  The  following  figures  are  in  1000  parte — A  for  men  and  li  for 
women: 

20-30  Ymh  SO-M  Y«am  80-70  Ymn.  70-W  Ym» 

m.                                               A.  B.              A.              B.  A.  B.              A.             K. 
W  hitn  siioHtance  of  the 

brain                        ...095.6  682.9  683.1  703  1  701.9  689.6  726.1     7 

Gray,  ditto 833.6  826.2  836.1  830.6  838.0  838.4  847.8    839-5 

Qyn      784.7  792.0  795.9  772  9  796.1  796.9  802.3    801.7 

C«rebellum 788.3  794.9  778.7  789  0  787.9  784.5  803-1 

Pons  Varolii 734.6  740.3  725.5  722.0  720.1  714.0  787.4    7244 

Medulla  oblongata. 744.3  740.7  732.5  729.8  722.4  730.6  730.2    733.7 

Quantitative  analyses  of  the  brain  have  also  been  made  by  >.t' 

of  ox-brain,  and  by  Haumstark  of  the  brain  of  a  horse.  In  the  analysis 
of  Pktimu sky  the  protagon  h.-i.v  not  onaideredj  and  all  organic,; 

phorised  Bubstanooi  were  calculated  as  lecithin.  On  these  grounds  tbes1 
anolv  mi  of  much  value  from  a  certain  standpoint.     In  Raumstari's 

analyses  the  gray  and  the  white  substance  could  not  be  sufficiently  «pa- 
rated,  and  these  analyses,  on  this  account,  show  partly  an  excess  of  white 
and  partly  an  excess  of  gray  substance;  nearly  one-half  of  the  organic 
bodies,  chiefly  consisting  of  bodies  soluble  in  ether,  could  not  lie  exactly 
analyzed.  Neither  of  these  analyses  gives  sufficient  explanation  of  the 
quantitative  composition  of  the  brain. 

The  analyses  made  up  to  the  present  tune  give,  as  above  stated,  an 


•Cited  from  K.  B.  Hofmann'a  Lehrb.  d.  Zoochemio  (Wien,  1S7G),  121. 
'  PfliigiTH  kreb  .  7 
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Unequal  division  Of  the-  organic  f-onstituents  in  the  gray  and  white 
stance.  In  the  analyses  of  Petrowskt  the  quantity  of  proteids  and  gela- 
tine-forming sulvstances  in  the  pray  matter  was  somewhat  more  than  ODQ 
half,  and  in  the  v.- i 1 1  r ■  •  :.l  r : (  one  QfUOigt  of  the  solid  organic  substances. 
The  (juantity  of  cholestcriu  in  tin-  white  was  about  one  half,  ami  in  the 
gray  substance  about  one  fifth  of  the  solid  bodies.  A  greater  quantity  of 
soluble  salts  and  extractive  bodies  was  found  in  the  uray  mbftaaoo  than 
in  the  white  (Baumstark).  The  (blowing  analyses  of  Baumhtakk  giva 
the  most  important  known  constituents  of  the  brain  calculated  in  1000 
parts  of  the  fresh,  moist  substance.  A  represents  chiefly  the  white,  and  B 
chiefly  the  gray  substame. 

A.  B. 

Water CO.".  3.pi  ,    "  07 

Solids 304.65  230.03 

ProUffon                    25  II  10.80 

Insoluble  proteid  and  connective  tissue 50. 02  60. 79 

i.-sterin.  frc*> 18.19  11.30 

combined. 26.96  17  .'  1 

Nud«n   .                2.94  1.99 

Neurokeratin 18 .  93  10 .  43 

Mineral  Ijoclies 5.23  5.62 

The  remainder  of  the  solids  probably  consists  chiefly  of  lecithin  and 
other  phosphorized  bodies.  Of  the  total  amount  of  phosphorus  15-20 
p.  in.  belongs  to  the  nuclein,  50-60  p.  m.  to  the  protagon,  150-160  p.  m. 
to  the  ash,  and  770  p.  m.  to  the  lecithin  anil  the  other  phosphorized  organic 
substances. 

According  to  Noll  the  white  substance  of  the  spinal  marrow  is  some- 
what richer  in  protagon  than  the  brain,  and  in  nerve  degeneration  the 
quantity  of  protagon  diminishes.  The  method  used  by  him  would  not 
allow  of  an  exact  determination  of  the  protagon.  Mott  and  II  u.uhurton  * 
have  also  shown  that  in  degenerative  diseases  of  the  nervous  system  the 
quantity  of  substances  containing  phosphorus  dimini  has  and  that  in  these 
cases,  especially  in  general  paralysis,  choline  passes  into  the  cerebrospinal 
tl  lid  and  the  blood.  Donais*  has  been  able  to  prove  the  occurrence  of 
choline  in  the  -vrebrospinal  fluid  in  ep  leptics  and  in  several  different  organic 

eases  of  the  nervous  system  He  considers  the  choline  as  the  sukstance 
instrumental  in  causing  the  seizures.  In  degenerated  nerves  the  quantity 
of  water  increases  and    he  phosphorus  decreases. 

The  quantity  of  neurokeratin  in  the  nerves  and  in  the  different  parts  of 

has  been  carefully  determined  by  KDhne  and  Chittenden.1 

found  3.16  p.  m.  in  the  plexus  brachialis,  3.12  p.  m.  in  the  cortex  of 


1  Noll,  Ziitschr    f    physiol.  Chem.,  27;  Mott  and  Halliburton.  Philos.  Transact., 

.  I'll  (1890)  and  194  (1901). 
>  Zcitschr.  f    physiol.  Chem.,  39. 
•  Zeitsebr.  f.  Biolode,  20. 
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the  cerebellum,  22.434  p.  m.  in  the  white  substance  of  the  cerebrum,  25.72- 
29.02  p.  m.  in  the  white  substance  of  the  corpus  callosum,  and  3.27  p.  m. 
in  the  gray  substance  of  the  cortex  of  the  cerebrum  (when  free  as  possible 
from  white  substance).  The  white  is  decidedly  richer  in  neurokeratin  than 
the  peripheral  nerves  or  the  gray  substance.  According  to  Griffiths' 
neurochitin  replaces  neurokeratin  in  insects  and  Crustacea,  the  quantity  of 
the  first  being  10.6-12  p.  m. 

The  quantity  of  mineral  constituents  in  the  brain  amounts  to  2.95-7.08 
p.  m.  according  to  Geoghegan.  He  found  in  1000  parts  of  the  fresh, 
moist  brain  0.43-1.32,  CI;  0.956-2.016,  PO«;]  0.244-0.796,  CO,;  0.102- 
0.220,  S04;  0.01-0.098,  Fe^POJ,;  0.005-0.022,  Ca;  0.016-0.072,  Mg;  0.58- 
1.778,  K;  0.450-1.114,  Na.  The  gray  substance  yields  an  alkaline  ash,  the 
white  an  acid  ash. 

Appendix. 

The  Tissues  and  Fluids  of  the  Eye. 

The  retina  contains  in  all  865-899.9  p.  m.  water,  57.1-84.5  p.  m. 
proteid  bodies — myosin,  albumin,  and  mucin  (?),  9.5-28.9  p.  m.  lecithin, 
and  8.2-11.2  p.  m.  salts  (Hoppe-Seyler  and  Cahn  2).  The  mineral  bodies 
consist  of  422  p.  m.  N^HPO,  and  352  p.  m.  NaCl. 

Those  bodies  which  form  the  different  segments  of  the  rods  and  cones 
have  not  been  closely  studied,  and  the  greatest  interest  is  therefore  con- 
nected with  the  coloring-matters  of  the  retina. 

Visual  purple,  also  called  rhodopsin,  crythropsin,  or  visual  red,  is  the 
pigment  of  the  rods.  Boll  3  observed  in  1876  that  the  layer  of  rods  in  the 
retina  during  life  had  a  purplish-red  color  which  was  bleached  by  the  action 
of  light.  Kuhne  *  showed  later  that  this  red  color  might  remain  for  a  long 
time  after  the  death  of  the  animal  if  the  eye  was  protected  from  daylight 
or  investigated  by  a  sodium  light.  Under  these  conditions  it  was  al*° 
possible  to  isolate  and  closely  study  this  substance. 

Visual  red  (Boll)  or  visual  purple  (Kuhne)  has  become  known  mainly 
by  the  investigations  of  Kuhne.  The  pigment  occurs  chiefly  in  the  rods 
and  only  in  their  outer  parts.  In  animals  whose  retina  has  no  rods  the 
visual  purple  is  absent,  and  is  also  necessarily  absent  in  the  macula  lutea. 
In  a  variety  of  bat  (rhinolophiis  hipposideros) ,  in  hens,  pigeons,  and  new- 
born rabbits,  no  visual  purple  has  been  found  in  the  rods. 

1  Compt.  rend.,  115. 

'  Zeitschr.  f.  physiol.  Chem.,  5. 

J  Monatsschr.  d"  Berl.  Akad.,  12.  Nov.,  1876. 

4  The  investigations  of  Kiihne  and  his  pupils,  Ewald  and  Ayres,  on  the  visual  purpfc 
will  be  found  in  "  Untersuchungen  aus  dem  physiol.  Institut  der  Univereitat  Heidel- 
berg," 1  and  2,  and  in  Zeitschr.  f.  Biologic,  32. 
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A  solution  of  visual  purple  in  water  which  contains  2-5  per  cent  Crys- 
tallized bile,  which  Is  the  best  solvent  for  it,  is  purple-red  in  oolor,  quite 
clear,    and   not  fluorescent.     On   ■  ■■  Bg   this   solution   in  VQCtk 

obtain  a  residua  simiL  I .uonium  earmiuaie  which  contains  viol 

black  grains.    If  the  above  solution  i-  dialysed  with  water,  the  bile  diffuses 
and  the  visual  purple  separates  as  a  violet  mass.     Under  all  cirri;, 
even  when  still  in  the  retina,  Uie  visual  purple  Is  quickly  bleached  by  direct 
sunlighr,  and  with  diffused  light  with  a  rapidity  corresponding  to  t! 
;.  ti-itv  i»f  the  light.     It  passes  from  red  and  orange  to  yellow,     lied 
bleaches  the  visual  purple  'he  ultra-red  light  does  001  bleAeh  it  at 

all.      A  solution  of  visual    purple      hows    no  special    absorptiou-ba:!  U.   but 
only  a  g<-  flOiption    which   extendi   from   (he  red  side,  beginning  at 

D,  and  extending  to  the  G  line.      The  strongest  absorption  is  found  at  E. 

Kmettgen  and  Abelsdorf  '  have  .shown  that  there  are,  in  ac  ordancc  with 
Klhsk'k  views,  t v.  1.1!    [•ur|-le,  tin  EBTinS  in   main 

birds,  and  amphibians,  and  the  other,  which  is  more  vi.  Tin- 

first  has  its  in  EibeorpUoo  in  tin'  i  the  ■  ■' hir  m  the  yellowish 

pa  b, 

\ "i-:;al  purple  v,  .1  («•  52-53°  (\  is  destroyed  after  several  hot 

and    almost    instantly   when    heated    to   7fi°  C.       It    is    also   destroy.'. 
alkalies,  acids,  alcohol,  ether,  and  chloroform.      On  the  contrary,  it  i 
the  action  of  ammonia  or  alum  solution. 

visual  purple  i      i    ly  destroyed  by  light,  it  most  there!  •■ 
be  regenerated  during  life.     Kins  and  thai  t&a  of  the 

Of   the  ttQg  become-  bleached  when  i  Bg   time  to  strong 

sunlight,  and  that  it-  color  gradually  returns  when  the  animal  is  placed  in 

k.     This  regeneration  of  ti  I  purple  I  Kiou  ol  the  ttl 

cells  in  the  layer  of  thi  I  -epithelium  of  the  retina.    Tin-  may  be 

inferred  Emm  the  fact  that  :  ted  piece  of  the  retina  which  ha-  1 D 

bleached  by  light  may  have  its  visual  purple  n  if  H   I    oaref  ill;,    laid 

on  the  choroid    having   layers  of    the  pigment-epithelium  attached.      I 
regeneration    h;is.    it    BeetDB,    nothing    to    do   with    tin-   dark    pigment,    the 

(melanin  or  fuscin,  in  the  epithelium-cells.      A  partial  regeneration  seems. 
according  to  Kcttxe,  to  be  possible  in  the  retina  which  has  beencompl* 
i  account  of  this  property  of  thevi>ual  purpleof  bring  bleat 
by  light  during  life  we  may,  as  KirHNl  has  shown,  under  special  eon  lilions 
and  by  observing  special  precautious   obtain  after  death,  by  tl  a  of 

intense  light  or  more  continuous  light,  the  picture  of  bright  obje<  > 
as  windows  and  the  tike — so-called  optograms. 

The  physiological  importance  of  visual  purple  is  unknown.     It  follows 
that  the  visual  purple  is  not  essential  to  sight,  sii.  t  in  certain 

animals  and  also  in  the  cones. 
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Visual  purple  must  always  be  prepared  exclusively  in  a  sodiur 
It  is  extracted  from  the  net  membrane  by  means  of  a  watery  so 
CXystaUined  bile.      The  filtered  solution  is  evaporated  in  vacua  or  dialyzed 
until  \\i>-  visual  pozple  is  separated.      I  i  prepare  a  visual-purple  solution 
petfe<  from  luemoglobin  t he  solution  of  visual  purple   in  chelates  is 

till  by  saturating  with  magDeeiuin  sulphate,  washing  the  precipi- 
tate with  a  saturated  solution  of  magnesium  sulphate,  and  then  dissolving 
En  water  by  dM  aid  of  the  < -h<  ■  !  dtaneously  precipitated.1 

The  "Pigment*  of  the  Cones.     In  the  inner  segments  of  the  cones  of  birds,  rep- 
tiles, and  fishes  a  small  fat-globule  of  varying  color  is  found.     KBHHB    has 

isolated  from  this  fat  a  green,  a  yellow,  I  a  red  pigment  called  respectively 

chlnrophan,  xanthophan,  and  rhwlovkan. 

Tin    il.irk   pigmi  nt   of  the  epithclium-cellx  fit   (he  net  membrane,  whirh  wm 
formerly  called  melanin,  but.  has  since  been  named  htscin  b\ 
contains  iron,  dissolves  in  e.m<  entrated  caustic  alkal  0  icentrated  sulphuric 

acid  on  wanning,  but,  like  the  m  in  genera]  (see  Chapter  XVI).  has  bftt 

little  studied.     The  pigment  occurring  in  the  pigment-cells  of  the  choroid  seems 
to  be  identical  with  the  fuscin  of  the  retina. 


The  vitreous  humor  Is  often  considered  as  a  variety  of  gelatinous  tissue. 
The  membrane  OonBUl  nling  to  C.  Morner,  of  a  gelatine-forminc 

substance.  The  fluid  contains  a  little  proteid  and  a  mucoid,  hyalomuuid, 
which  was  first  shown  by  Morxek,  and  which  is  precipitated  by  acetic  acid. 
This  contains  12.27  per  cent  N  and  1.19  percent  3.  Among  the  extractives 
We  find  a  little  urea — according  to  Picahd  5  p.  m.,  according  to  Rahliun* 
0.64  p.  m.  Pautz  *  found  besides  some  urea  paralaclie  acid,  and,  in  con- 
firmation of  the  statements  of  Chabbas,  Jesner,  and  Kuhn,  also  glucox 
m  the  vitreous  humor  of  oxen  The  reaction  of  the  vitreous  humor  is  alb- 
line,  ami  the  quantity  of  solids  amounts  to  about  9-11  p.  m.  The  quantity 
of  mineral  bodies  is  about  6-9  p.  m.  and  the  proteids  0.7  p.  m.  In  regard 
to  the  aqueous  humor  see  page  224. 

The  Crystalline  Lens.  That  substance  which  forms  the  capsule  of  the 
lens  has  been  investigated  by  C.  Morner.  It  belongs,  according  to  him. 
to  a  special  group  of  proteins,  called  membraniris.  The  membranin  bodies 
are  insoluble  at  the  ordinary  temperature  in  water,  salt  solutions, 
acids,  and  alkalies,  and,  like  the  mucins,  yield  a  reducing  substance  on 
boiling  Lte  mineral  acids.    They  contain  lead-blackening  sulphur. 

The  membranins  are  colored  a  very  beautiful  red  by  Mn.i.ox  's  reagent,  bat 
no  characteristic  reaction  with  concentrated  hydrochloric  acid  or  A»aS> 


>  Kiihne,  Zeitachr.  f.  Hiologie.  tt 

1  Kiihnc  Die  nichtbestandigen  Farben  der  Netzbaut.  Untersuch.  aus  dem  phr*^ 
Institut  Heidelberg,  1,  341. 

»  Kuhne,  ibid.,  2.  324. 

4  Morner,  Zcitscbr.  f.  physiol.  Chem.,  18;  Picard.  cited  from  Gamgee,  PhysioL 
Chern..  1,  154;  Rahlmonn,  Maly'a  Jahreuber.,  6;  Pautz,  Zeitschr.  f.  Binlogie,  II.  * 
complete  review  of  the  literature  will  alao  be  found  here. 
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EEBWiCBfe  reagent.  They  are  dissolve*!  with  great  difficulty  by  pepsin- 
chloric  arid  or  trypsin  solution,  but  are  soluble  in  dilute  acids  and 
alkalies  in  the  warmth.  Membraniu  of  the  capsule  of  the  lens  contains 
14.10  per  cent  N*  and  0.83  per  cent  S,  arid  is  a  Uttle  lea  soluble  than  that 
from  Dmi  I  mit*>.  membrane. 

The  chief  ma>s  of  the  solids  of  the  crystalline  lens  consists  of  proteids, 
whose  nature  has  been  investigated  by  ("'.   Mui:\kh.'     Some  of  these  pro- 
dissolve  in  dilute  salt  solution  while  others  remain  insoluble  in  the 
reagent. 

The  Insoluble  ProlruJ.  The  lens-fibres  consist  of  a  proteid  substance 
which  is  insoluble  in  water  and  in  salt  Bouitiofl  ud  t"  which  Muu\kk  has  given 
the  name  albumoid.      It  dissolves  readily  in  very  dilute  aeddfl  Of  all. 

■lution  in  caustic  potash  of  0.1  per  cent  is  rely  similar  to  an  alkali- 
albuminate  solution,  but  coagulates  at  about  50°  C.  on  nearly  complete  neu- 
tralization and  the  addition  of  8  per  cent  Nad.  Albumoid  has  the  following 
composition:  C  53.12,  II  8.8,  N  1C.62,  and  S  0.79  per  cent.  The  lens-libres 
themselves  contain  16.G1  per  cent  N  and  0.77  per  cent  S.  The  inner  parts 
of  the  lens  an  y  richer  in  albumoid  than  the  outer.      The  quan- 

of  albumoid  in  the  entire  lens  amounts  on  an  average  to  about  48  per 
cent  of  the  total  weight  of  tin-  proteids  of  the  lens. 

The  SohJ/lt  1'roteid  consists,  exclusive  of  a  very  small  quantity  of 
albumin,  of  two  globulins,  o-  and  fl-crystallin.  These  two  globulin* 
differ  from  each  other  in  this  manner:  a-crystall'm  contains  10.6S  per  tent. 
N  and  0.56  per  cent  S;  ,'e-crysfallin,  on  the  contrary,  17.04  per  cent  N  and 
1.27  per  cent  8.  The  first  coagulates  at  about  72°  C.  and  the  other  at  63° 
C.  Besides  this,  /3-crystallin  is  precipitated  from  a  salt-free  solution  with 
greater  difficulty  and  less  completely  by  acetic  acid  or  carbon  dioxide. 
These  globulins  are  not  precipitated  by  an  excess  of  NaCl  at  either  the  ordi- 
nary temperature  or  30°  C.  Magnesium  or  solium  sulphate  in  substance 
precipitates  l>oth  globulins,  on  the  contrary,  at  30°  C.  These  two  globulins 
are  not  equally  divided  in  the  mass  of  the  lens.  The  quantity  of  «-crystallin 
diminishes  in  the  lens  from  without  inwards;  ^-crystallin,  on  the  contrary, 
from  within  outwards. 

A.  B£cramp  distinguishes  the  two  following  proteid  bodies  in  the  watery 
extract  of  the  crystalline  lens:  phacuzyrmuse ,  which  coagulates  at  55°  C.  and 
contains  a  diastatic  enzyme,  and  has  a  specific  rotatory  power  of  (flt)j-  —41°, 
ud  the  ■  ryulalbumm,  with  a  specific  rotatory  power  of  (a);'-  —  80°.3.  From 
the  residue  of  the  lens,  which  was  insoluble,  in  water,  BAcBAMF  extracted,  by 
means  of  hydrochloric  acid,  a  proteid  body  having  a  specific  rotatory  power  of 
(a)]-  —  S0°.'J,  which  he  called  a-ystaljibrin. 


The  lens  does  not  seem  to  contain  any  proteid  bodies  which  coagulate 
spontaneously  like  fibrinogen.     That  cloudiness  which  appears  after  death 
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depends,  according  to  Kuiine,  upon  the  unequal  changing  of  the  concen- 
tration of  the  contents  of  the  lens-tubes.  This  change  is  produced  by  the 
altered  ratio  of  diffusion.  A  cloudiness  of  the  lens  may  also  be  produced  in 
life  by  a  rapid  removal  of  water,  as,  for  example,  when  a  frog  is  plunged 
into  a  salt  or  sugar  solution.  The  appearance  of  cloudiness  in  diabetes  has 
been  attributed  by  some  to  the  removal  of  water.  The  views  on  this  sub- 
ject are,  however,  contradictory. 

The  average  results  of  four  analyses  made  by  Laptschinskt  l  of  the 
lens  of  oxen  are  here  given,  calculated  in  parts  per  1000: 

Proteids 349.3 

Lecithin ". 2.3 

Cholesterin 2.2 

Fat 2.9 

Soluble  salts 5.3 

Insoluble  salts 2.3 

In  cataract  the  amount  of  proteids  is  diminished  and  the  amount  of 
cholesterin  increased. 

The  quantity  of  the  different  proteids  in  the  fresh  moist  lens  of  oxen  is 
as  follows,  according  to  Morner  j  : 

Albumoid  (lens-fibres) 170  p.  m. 

/9-Crystallin 110    " 

a-Crystallin 68    " 

Albumin. 2   " 

The  corneal  tissue  has  been  previously  considered  (page  364).  The 
sclerotic  has  not  been  closely  investigated,  and  the  choroid  coat  is  chiefly 
of  interest  because  of  the  coloring-matter  (melanin)  it  contains  (see  Chapter 
XVI). 

Tears  consist  of  a  water-clear,  alkaline  fluid  of  a  saltish  taste.  Accord- 
ing to  the  analyses  of  Lerch  3  they  contain  982  p.  m.  water,  18  p.  m.  solids, 
with  5  p.  m.  albumin,  and  13  p.  m.  NaCl. 

The  Fluids  of  the  Inner  Ear. 

The  perilymph  and  endolymph  are  alkaline  fluids  which,  besides  salts, 
contain — in  the  same  amounts  as  in  transudates — traces  of  proteid,  and  in 
certain  animals  (codfish)  also  mucin.  The  quantity  of  mucin  is  greater  in 
the  perilymph  than  in  the  endolymph. 

Otoliths  contain  745-795  p.  m.  inorganic  substance,  which  consists 
chiefly  of  crystallized  calcium  carbonate.  The  organic  substance  is  very 
similar  to  mucin. 

1  Pfliiger's  Arch.,  13. 

JL.  c. 

3  Cited  from  v.  Gorup-Besanez,  Lehrbuch  d.  physiol.  Chem.,  4.  Aufl.,  401. 


CHAPTER  Xm. 
ORGANS  OF  GENERATION. 

(a)  Male  Generative  Secretions. 

The  testes  have  been  little  investigated  chemically.  We  find  in  the 
testes  of  animals  proteid  bodies  of  different  kinds — seralbumin,  alkali  albu- 
minate (?),  arid  an  albuminous  body  related  to  Rovidas'  hyaline  substance; 
also  leucin,  tyrosin,  creatine,  xanthine  bodies,  cholesterin,  lecithin,  inosite,  and 
fat.  In  regard  to  the  occurrence  of  glycogen  the  statements  are  somewhat 
contradictory.  Dareste  *  found  in  the  testes  of  birds  starch-like  granules, 
which  were  colored  blue  with  difficulty  by  iodine. 

The  semen  as  ejected  is  a  white  or  whitish-yellow,  viscous,  sticky  fluid 
of  a  milky  appearance,  with  whitish,  non-transparent  lumps.  The  milky 
appearance  is  due  to  spermatozoa.  Semen  is  heavier  than  water,  contains 
proteids,  has  a  neutral  or  faintly  alkaline  reaction  and  a  peculiar  specific 
odor.  Soon  after  ejection  semen  becomes  gelatinous,  as  if  it  were  coagu- 
lated, but  afterwards  becomes  more  fluid.  When  diluted  with  water  white 
flakes  or  shreds  separate  (Henle's  fibrin).  According  to  the  analyses  of 
Slowtzoff,3  human  semen  contains  on  an  average  96.8  p.  m.  solids  with 
9  p.  m.  inorganic  and  87.8  p.  m.  organic  substance.  The  amount  of  pro- 
tein substances  was  on  an  average,  22.6  p.  m.  and  1.69  p.  m.  bodies  soluble 
in  ether.  The  protein  substances  consist  of  nucleoprbteids,  traces  of  mucin, 
albumin,  and  a  substance  similar  to  proteose  (found  earlier  by  £osner). 
According  to  Cavazzani  ■  semen  contains  relatively  considerable  nucleon. 
The  mineral  bodies  consist  chiefly  of  calcium  phosphate  and  rather  con- 
siderable NaCl.     Potassium  occurs  only  in  smaller  amounts. 

The  semen  in  the  vas  deferens  differs  chiefly  from  the  ejected  semen  in 
that  it  is  without  the  peculiar  odor.  This  last  depends  on  the  admixture 
with  the  secretion  of  the  prostate.  This  secretion,  according  to  Iversen, 
has  a  milky  appearance  and  ordinarily  an  alkaline  reaction,  very  rarely  a 
neutral  one,  and  contains  ;mall  amounts  of  proteids,  especially  nucleopro- 

'  Compt.  rend.,  74. 
7  Zeitschr.  f.  physioI.  Chem.,  85. 

»  Posner,  Bed.  klin.  Wochenschr.,  1888,  No.  21,  and  CentralbL  f.  d.  med.  Wissensch., 
1890:  Cavazzani,  Biochem.  Centralbl ,  1,  502. 
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tcids,  bttidee  fibrinogen  and  a  substance  similar  to  mucin  (Stern  l),  and 
mineral  bodies,  especially  NaCl.     Besides  this  it  contains  an  enzyme 

l  .w),  lecithin,  choline  (Stkhn),  and   a  crystalline  combination 
of  phosphoric  acid  with  a  base,  C,I14N.     This  combination  lias  been  called 
r'b  spermine  cri/alals,  and  it  is  claimed  thai  the  specific  odor  of  the 
semen  is  due  to  a  partial  decomposition  of  these  crystals. 

I'Im  crystals  which  appear  on  slowly  evaporating  the  semen,  and  which 
are  also  observed  in  anatomical  preparations  kept  in  alcohol,  arc  not  iden- 
tical with  rhc  (  nvKcoi-Li:-!  ih.n 's  crystal.--  found  in  the  blood  and  in  the 
lyni]  h  aids  in  leucaemia  (Th.  Cons,  B.  Levy  -).     They  are,  according 

to  Schreiner,8  as  above  stated,  a  combination  of  phosphoric  acid  with  a 
base,  spermine,  C,H,N,  which  he  discovered. 

Spermine.    The  views  in  regard  to  the  nature  of  this  base  are  not  unanimous. 
Acoonlrnc  to  the  iznreotigationf  "i  Ladonbotm  and  Ai.  nprobabie 

is  identical  with  ethylcmminc;  but  this  identity  is  disputed  hv 
Majkk'i-  sad  i.  i.  and  also  by  Pobiil.    Hie  compound  of  spermim 

phosphoric  acid — BdTTCHX&fe  spermine  crystals — is  insoluble   in   alcohol, 
and  chloroform ,  soluble   with  difficulty  in  sold   water,   but  more  readily  in  hot 
u  iirr,  end  i-iimIv  soluble  in  dilute  acids  or  all  bo  alkali 

ammonia.  The  base  is  precipitated  by  tannic  acid.,  mercuric  chloride,  gold  chic- 
ride,  platinio  chloride,  potaarium^KSiDuth  iodide,  and  phos  phot  ungs  tic  aad. 
Spermine  has  a  tonic  action,  and  according  to  Poehl  *  it  lias  a  marked  action  on 
the  oxidation  processes  of  the  animal  body. 

On  the  addition  of  potassium  iodide  to  spermatozoa  cliaracteristic  dark-!  : 
or  bluish-black    crystals  are   obtained — Flohknckh  sperma  reaction — whi 
y  as  a  reaction  for  spermine.     According  to   BoCAmns 
ion  is  due  to  choline. 

Camus  sad  Qlbt'  have  found  that   the   prostate  Hind  in  certain  rodents 

has  the  property  of  coagulating  the  contents  of  the  seminal  vesicles.  Tins  prup 
crty  ie  duo  to  a  special  ferment  substance  (vesiodaa*)  of  the  prostate  fluid. 

The  spermatozoa  show  a  great  resistance  to  chemical  reagents  n  general — 
They  do  not  dissolve  completely  in  concentrated    ulphuric  acid,  nitric 
acetic  acid,  nor  in  boiling-hot  soda  solutions.     They  are  soluble  in  a  boiling — 
hot  eaustic-potash  solution.     They  resist  putrefaction,  and  after  drying 
may  be  obtained  again  in  their  original  form  by  moistening  them  with  a 
per  cent  Oommon-eaH  solution.     By  careful  heating  and  burning  to  an 

1  Ivcracn,  Nord.  med.  Ark.,  6;    also  Maly's  Jahresber.,  4,  358;    Stem,  Biocbc 
CSO trail,  1..   1,  748. 

:Th    Cohu,  CentralbL  f.  nllg.  Path.  u.  path.  Anat,  10  (1899);  B.  Levy,  Centralhl 
f.  i  med  Wisscnsch.,  1899,  17 0 

'  Anna]  <l  Obem.  u  rharm.,  194. 

4  Ladenhurg  and  Aln-1  Bar.  d.  dcutseh.  chem.  Gesellsch.,  21 ;  Majert  and  A.  Schmidt—  n  — 
ibid.,  21 ;  Toelil,  Oompt.  rend.,  113,  Berlin,  klin.  Wochenschr.,  1891  and  1893,  Deutaciu- — 
med.  Wochenschr,  1S92  and  1S95,  and  Zeitschr.  f.  klin.  Med.    IBM, 

•In  regard  to  Florence's  aperma  reaction,  see  Posncr.   Bwi  klin.   Wochenschr.  m 
1897,  and  Itichter,  Wien.   klin.    Wochenschr.,  1897;    Bocariua.  Zeitschr    f.   physioL- 
Chem.,  34. 

•Compt.  rend,  de  Soc.  biolog.,  48,  49. 
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-hape  of  the  spermatozoa  may  be  Been  in  the  ash.     The  quantity  of 

ftbool  50  p.  m.  atnl  ■  mainly  (J)  of  potassium  pi  > 

The  spermatozoa  show  weDrknown  movements,  but  the  cause  of  this  is 

not  known.     This  movement  may  continue  for  a  very  long  time,  as  under 

some  conditions  it  may  be  observed  for  several  days  in  the  body  after  death, 

and  in  the  secretion  of  the  uterus  longer  than  a  week.     Acid  liquids  stop 

these  movement-  immediately;   they  are  also  destroyed  by  strung  alkalies, 

especially  ammcmiacal  liquids,  also  by  distilled  water,  alcohol,  ether,  etc. 

•its   continue  for  a  longer  time  in  faintly  alkaline  liquids, 

especially  in  alkaline  animal  secretions,  and  also  in  properly  diluted  neu- 

bns. 

Spermatozoa  are  nucleus  formations  and  hence  are  rich  in  nnrleir  acid, 

which  exists  in  the  heads.     The  tails  contain  proteid  and  are  besides  this 

rich  in  lecithin,   oholesterin,  and  fat,  which  bodies  only  occur  to  a  small 

extent  (if  at  all)  in  the  heads.    The  tails  seem  by  their  composition  to  be 

to  the  non-medullated  nerves  or  the  axis-eylinders.     In  the 

various  kinds  of  animaLs  investigated,  the  hi  in  nucleic  acid,  which 

in  fishes  is  partly  combined  with  protamins  and  partly  with  histons.       In 

ii  i    the  bull  and  boar,  proteid-like  substances  occur  with 

the  DUcIek  acid,  but  no  protamin. 

Our  knowledge  of  t)  icaJ  composition  of  spermatozoa  has  been 

greatly  enhanced  by  the  important  Investigation^  of  Mikscheh1  onsalni'-n 
roe.     The  intermediate  fluid  of  the  spermatozoa  of  Rhine  salmon  is  a  dilute 
salt  solution  containing  1.3-1.9  p.  m.  organic,  and  6.5-7.5  p.  m.  inor 
bodies.     The  last  consist  chiefly  of  sodium  chloride  and  carbonate,  besides 
iome  potassium  ehloride  and  sulphate.    The  fluid  only  contains  traces  of  pro- 
teid, but  no  peptone.     The  tails  CCJDBist  of  41'.*  p.  in.  proteid.  '.l\  lei  i 
in  I  262.7  p.  m.  cholesterin  and  fat.    The  heads  extracted  with  alcohol- 
ether  contain  on  an  average  960  p.  m.  protamin  nucleate,  which  neverthe- 
less is  not  uniform,  but  is  so  divided  that  the  outer  layers  con&fa  of  1 
protamin  nucleate,  while  the  inner  lave  -    on  the  contrary,  consist  of  acid 
protamin  nucleate.     Resides  the  protamin  nucleate  there  is  present  in  the 
heads,  although  to  a  very                        ,  unknown  organic  substances.     The 
unripe  salmon  spermatozoa,  while  developing,  also  contain  nucleic  acid,  but 
no  protamin,  with  a  proteid  sul               "albumitwse,"  which  probabl. 
step  in  the  formation  of  protamin.     According  to  Kossel  and  Math 
Id  the  herring  as  in  tl             on,  the  heads  of  the  spermatozoa  consist  of 
protamin  nucleate  but  no  free  pror 

Sp«nn«t:  ODC  which  has  been  given  to  a  constituent  similar  to  alkali 

albuminate,  but  it  has  not  been  closely 


Metier,  "Die  hi«*toehemi8chen  und  physiologischen  Arb«»t.en  von  Friedricb 
Mi<*chfr,  grtutrnmolt  und  hf-raiugegeben  von  eeinen  Frcunden."     Leipzig,  1897. 
■  ZeiUchr    f.  phyaiol.  Chem 
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Prostatic  concrtmrntg  an  .1  bfTO  kinds.  One  is  ver .  n 1 1 1 1 .  generally  ovil  in 
shape,  with  concentric  layers.  In  young  hut  not  in  older  persons  they  are  colond 
blue  by  iodine  fJvaitSBN  ').    The  other  kind  is  larger,  sometimes  the  «ize  of  the 

1  of  a  pin  and  consisting  chiefly  (rf  call  hlffl  phosphate  (about  700  p.  ra.)»  *'lQ 
only  a  very  small  amount  (about  160  p.  m.)  organic  substance. 


(b)  Female  Generative  Organs. 

stroma  of    the  ovaries  i.s  of    little  interest  from  a  physi<  i 

chemical  standpoint,  and  the  most  important  constituents  of  the  ovaries,  tk- 

afian   Joltidis  with  the  ovum,   have  not  thus  far  boon  the  subject  of  a 

nl  i  heliacal  investigation.     The  fluid  in  the  follicles  (of  the  cow)  does 

"iitain,  as  has  been  stated,  the  peculiar  l>odies,  paralbumin  or  met 

mill,  which  arc  found  in  certain  pathological  ovarial  fluids,  but  seems  to he a 

liquid.    The  corporir  htha  arc  oolored  yellow  by  nn  amorphou 

dee  this  another  coloring-matter  sometimes?  occurs 
which  is  not  soluble  in  alkali;    it  is  crystalline,  but   not   identical  WlU 
nibin  or  hamatoidin;    but  it  may  be  identified  as  a  lutein   by  il 
iLO  and  Lieben,  KttH  LO  *). 

The   cysts   often   occurring   in    the   ovaries  are   of  special    p 

I  these  may  have  essentially  different  contents,  depending  upon 
theil  Variety  and  origin. 

serous  cysts  (HtdboPB  PQl&ICULOBXJH  Cikaakh),  which  are  formed 
by  a  -lii  the  Graafian  follicles,  contain  a  serous  liquid  which  ha?  a 

ific  gravity  of  L005-1.022.     A  specific  gravity  of  1.020  is  le>-  I 
Generally  the  specula  gravity  jb  lower,  1.005-1.014,  with  10—40  p.  m.  soliib. 
ir  as  is  known,  the  contents  of  these  cysts  do  not  essentially  differ  from 
Other  serous  liquids. 

The  proliferous  cysts  (myxoid  cv-  trhicfa  ate 

Eronj  I'm.  I'..-  .  -  epithelium-tubes,  may  have  a  content  of  a  dec  id 
variable  composition. 

We  BOmi  -I  in  small  cysts  a  semi-solid,  transj    i  -  somewhat 

cloudy  or  Op  mass  which  appears  like  solidified  r  quivering 

j.-llv,  and  winch  has  bean  called  •  eoauseof  its  physi<  ■■-'lies. 

In  <>thir  eases  xh>  intain  a  thick,  tough  mass  which  can  1m-  d 

into  lonS  threads,  and  as  this  mass  in  thi  rk* 

ed  with  serous  liquids  their  contents  may  have  a  variable  cousin 
; ill  other  cases  the  small  cysts  may  also  contain  a  thin,  watery  fluid- 
color  of    the    contents    is    also  vari 

white,  opalescent,  and  again  they  are  yellow.  yeUowish-brow 
with  a  shade  of  green.    They  arc  often  colored  more  nr  less  chocoUW- 
brown  or  red-brown,  due  to  the  decomposed  blood-coloring  matters.    T"* 
Ikaline  or  nearly  neutral.     The  specific  gravity,  which  tnft] 


1  Nord.  med.  Ark.,  ft. 


1  See  Chapter  VI,  page  181. 
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considerably,  is  generally  LO16-1.03O,  but  may  occasionally  he  1.005-1.010 
or  1.050-1.055.  The  amount  of  solids  is  very  variable.  In  mm  cases 
ir  amounts  to  only  L0  20  p.  m.:  ordinarily  it  varies  between  60-70-100 
p.  m.    In  u  fen  i  1-200  p.  nx  solids  have  bean  Found. 

nents  OBe finds  red  Ud  white  btood-corpusrlrs,  granular  < 
partly  fat -degenerated  epithelium  and  partly  large  so-called  Gli  <;i:'s  qoj> 
puscles,  fine  granular  masses,  tpiUulium-rHte,  dial  ,  and  ce 

corpwtcUs — large,  circular,  highly  refr  filiations. 

Though  the  contents  of  (he  proliferous  eg   I  may  have  a  variable 
sition,  still  it  may  be  characterized  in  typii  its  slimy  or  ropy 

v;     by    its    grim  .;t.-brown.    sometimes    whitish. 

color;  and  by  Its  relatively  high  specific  gravity.  i.oi5-l.02.r, 
liquid  does  Dot  onlinarily  show  a  spontaneous  fibrin  coagulation. 

W.  Urid,  raefc  and  paralbumin  as  characteristic  con- 

tents of  these  • 

Colloid.     This  name  does  not  designate  any  particular  chemical  sub- 
stance, but  is  given  to  the  contents  of  rumors  with  certain  physical  proper- 
■  ■ ; i  i r  to  gelatine  jelly.     Colloid  is  found  as  a  pathological  product, 
ttns. 

gclatim  ;c  in  water  and  acetic  acid:    it   is 

dissolved  bj  alkalies  and  gives  a  liquid  which  is  not  precipitated 

or  by  acetic  add  and  pi  EanoeyanSde.    According  to  Pi 

stii-.i.  l  such  a  colloid  is  designated  /Tpncmicloiiiiijoin.    Sometimes  a  colloid  is 
I  which,  when  treated  with  a  very  dilute  alk;ili,  gives,  a  solution  similar 
to  a  mucin  solution.     Colloid  is  roty  closely  related  to  mucin  and  is 

Certain  investigators  as  a  modified  mucin.     An  ovarial  colloid 

analysed  by  Panzer  contained  Bdl  p.  m.  water  5 

and  12  p.UL  ash.      The  elementary  comp  i-C  17.27.  II  5.  SO,  N  S.  10, 

0  0.7ft,  P  I  :  ash  8.43  pet  cant.    A  colloid  round  by  Wobjb1  in  the 

lungs  contained  0    1>.0'.I,  H  7.17,   \   7. 00,  and  0{  f-S)  B7.44  per  cent.      I 
of  different  origin  seem  to  be  of  varying  composition. 
Miiulbumin.    This  name  &  bskbb  3  gave  to  o  protein  substance  found 
by  him  in  an  ovarial  fluid.     The  metalbimiin  was  considered  by  SOBMUSH 
an  albuminous  body,  but  it  belongs  to  the  mucin  group,  and  it  is  for 
reason  called  p&cwhmucin  by  II  klfKARSTEN.4 
Pseudomucin.    Thus  body,  which,  like  the  mucins, gives  a  reducing  sub- 
stance when  boiled  with  acids,  is  a  tnuooid  of  the  following  composition: 


'  Arch.  f.  Gyn;ik.,88. 

tachr.  f.  physiol.  Chetn.,  2S;    Wurtl,  sec  Lcbert,  Beitr.  «ur  Kenntniai 
den  Gallcrtkrelwes,  Vircbow'l  Arch.,  4. 

*  Verb.  <1.  physik.-med.  Getelkeh.  in  War/bur^.  ft,  and  Sitrun^sbcr.  dor  phyaik,- 
*ned.  flwfilTirTi   in  u  urxburg  fur  1.  Wuraburg  med.  Zeitechr..  7. 

•ifschr.   f    physiol    I'hi'iu  ,  ft. 
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V  40.75,  H  fi.ftS,  N  10.2s,  S  1.25,  0  SI. 74  per  cent  (Hammarst 

■  p -■■<■  1. 1. .mucin  gives  a  slimy,  ropy  solution,  and  it  L«  bsUlWe 

whi-  Ore  fluid  contents  of  the  ovarial  cysts  their  ropy  prop- 

erty.     It-  solutions  do  BOt   eoairulate  on  boiling,  but  only  become 
i.r  opalescent.     Unlike  mucin,  pseudomucin  solutions  are  not  prceipr 
by   Elioetk    acid        With   alcohol   they  give  n  Ooane  floec 
precipitate  which  w  soluble  even  after  having   been   kept   under  mAl 
alcohol  for  a  long  time. 

<>(bu7nin  is  another  substAnce  discovered  by  SCHKlltt,  and 
irs  in  ovarial  liquids  ati«l  also  m  ascitic  fluids  with  the  simultaneous 
presence  of  <-\  -m  i  and  rupture  of  (he  same.     It   is  therefore- 

mixture  of  pseudmnurin  with  vuri.-it.le  amount-;  of  proteid,  and  the  re:'- 
of  paralbumin  are  correspondingly  variable. 

MiTjfKoFP  '  has  isolated  and  investigated  a  colloid  from  an  ovari.-il  ctb!    I 
had  the  foUowj  wition:   C  51.76,  II  7.76,  N  in  7.  S  1.09, 

.  nnd  differed  from  mucm  and  pseudomucin  by  reducing 

before   boiling  with  acid.     It    must    Ix*  remarked  that  pseudomucin.  do  boilrtK 

tly  long  with  alkali,  or  h  <   a  >iiii<rntrated  solution  at 

alkali,  uio  splits  and  causes  a  reduction.     This  reduction  is  nevertheless  w»k 
in     i ti  .1  with  ih  ii   produced  after  boiling  with  an  acid.     The  body  isolate 
by  MtlJlUvOKK  is  called  jmrumucin. 

The  pseudomucin  as  well  as  colloid  are  mucoid  substances  an 
carbohydrate  obtained  from  them  is  glucosamine  (ehitosaminc),  a> 
cially  shewn   by    Fu.   Mi'i.lkk,   Xi:i  iu.ko  and   Hi.i  ma.\n.v     Fn.ni  pp 
mucin  Zant.khi.i:  3  obtained  .'50  per  cent  glucosamine  and  ,  and 

IIcyma.vn  have  shown  that  the  glucosamine  is   the  only   earl *. hydrate 
regularly  taking  part  in  the  structure  of  these  sul  Still  there  ot 

also  statements  as  to  the  occurrence  of  ehondruitin-sulphurie  acid  (or  an 
allied  acid)  in  pseudomucin  or  colloid  (Panzer),  but  this  is  not  con 
according  to  the  experience  of  Hammarstkn. 

The  detection  of  metalbumin  and  paralbumin  is  naturally  connect 
with  the  detection  of  pseudomucin.  A  typical  ovarial  fluid  containing 
iucin  is,  as  a  rule,  sulliciently  characterized  by  its  physical  prof- 
iles, and  a  special  chemical  investigation  is  only  necessary  in  oases  where* 
serous  fluid  contains  very  small  amounts  of  pseudomucin.  The 
follows:  The  proteid  is  removed  by  heating  to  boilinj 
addition  of  acetic  acid  ;  the  filtrate  is  strongly  concentrated  and  pn 

alcohol     The  precipitate,  a   transformation  product  of   pn 
is  carefully  washed  with  alcohol  and  then  dissolved  in  water. 
this  solution  Is  digested  with  saliva  at  the  temperature  of  the  body  and  tkn 


1  K.  Mitjukoff.  Arch.  f.  Gynakol..  49. 

'MuIUt,  \>rh.  d.  Naturf.  Gcaelbwh.  in  Basel.  12.  part  2;   Neuberg  and  RcyroM*' 
Hofmeister'a  Beitrage.  2.    See  also  Leather,  Arch.  f.  cxp.  Path.  u.  Pharm.,  43 
1  Munch,  med  Wocheuschr.,  1900. 
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ad  for  gbicoee  (derived  from  glycogen  or  dextrin).    If  glycogen  is  prae- 

ent,  it  will  be  converted  into  g]  y  the  saliva;  precipitate  again  with 

hoi  and  then  proceed  as  in  the  absence  of  glycogen.     In  this  last-men- 

i.-  arid  to  ill-'  solution  of  the  alcohol  precipitate 

in  watiT  te  any  ey  icin.    Theprx  produced 

.1  off.  the  filtrate  treated  with  §   percent  HCI  and  wanned  on  the 

water-bath   until  the  liquid  U  deep  brown    in  color.      In   the  pr»>se: 

pseudomucin  CbJB  solution  gives  Trommer's  test 

The  other  protein  bodies  whirh  huve  been  found  in  cystic  fluids  are 
scrglvlmlin  and  seralbumin,  jxjilone  (?),  mucin,  inurin-peptowf0).     Fibrin 
rs  only  h  I  cases.     The  tjf  of  minenil  bodies  on  an 

average  nmnr*1ff  to  about  10  p.  m.    The  amount  of  extractive  I 
(cholesterin  and  urea)  and  fat  is  ordinarily  2-4  p.  m.     Theremainii 
whkl  ute  the  chief  mass,  are  albuminous  bodies  and  peeudomurin. 

The  intraligamentary,  papillary  cysts  contain  a  yellow,  yellowish-green, 
or  hrrfflmwhrgnwna  liquid  which  coniains  either  no  pseudomucin  or  very 
little.  The  specific  gravity  is  generally  rather  high,  1 088  UQ&k,  with 
90-100  p.  m.  solid*.  The  principal  eonstituenta  are  the  simple  proteids  of 
blood-serum. 

The  rare  tubo-OUttial  cysts  contain  as  a  rule  a  water}-,  serous  fluid  con- 
taining no  pseudomucin. 

The  jxiruiviriul  cysts  or  the  <ysts  of  the  i.h;ami:\ta  (Mitt  may  attain  a 

iderable  Biae«     In  general,  and  when  quite  typical,  the  contents  are 

watery,  mostly  very  pule  yellnw-colorod.  water-clear  or  only  slightly  opal- 

aaoent liquids.     The  specific  gravity  is  low.  I. 002-1.009.  and  :  inly 

amount  to  10-20  p.  in.      Pseudomucin  does  not  occur  as  a  typical  con 

:    proteid  is  BOOM  ent,  ami  win  >r  the  quantity  w 

il.  Tin-  principal  part  of  the  solids  consists  of  Baits  and  extractive 
bodies.  In  exceptional  cases  the  fluid  may  be  rich  in  proteid  and  inav  show 
a  higher  s|K.t-ili«:  gravity. 

In  regard  to  the  quantitative  composition  of  the  fluid  fn>m  ovarial  cysts 
we  refer  the  reader  to  the  work  of  Okrum.1 

E.  I  d  U.  v.  Zsn  st.K 7  haye  recently  invaatieatad  the  Eat  from  dam 

little  ara.  i  i,   they  found  :u„i 

ileohnl,  and  a  choleatcrin-like  substance. 
from  a  uterine  fibroma  analyzed  by  SrottacaNM1  contained   > 
.il  soluble  in  water  and  ■  colloid  (ptramndn)  bscdi 

1  differently  with  alcohol  as  compared  to  the  corrcepon 
stances  from  ovarial  cysts. 


1  Kemiske  Studier  over  OvnriecyatevajUskcr,  etc. 
Maly's  Jahre*b*r  ,  11,  U 

'Zeit*chr  f.  physioj  Ownp  .  2*. 

'American  Gynecology ,  March,  1903. 


Koebenhavn,  188-1.     See  aL<o 


The  Ovum. 

The  small  ova  of  man  and  mammals  cannot,  for  evident  reasons, 
subject  of  a  searching  chcmiral  mw  tigntlon      (  p  to  the  present  time  the 
■inls.  amphibians,  and  fishes  hav    been  investigated,  DU1  above  ill 
tin-  hen's  egg.     We  will  here  occupy  OOfselveB  with  the  constituents  of  this 
last. 

The  Yolk  of  the  Hen's  Egg.     In  the  so-called  It,  whicl. 

germ  with  a  process  reaching  to  fcheoenteeofthsyolk  ('"/■'"">.  and  forro- 
ii  the  yolk  and  v<  >lk-meinbrane,  there  occur  -proleid,  jiucLvi, 
and  ]K't<i  stton  (I.if.hkumann  *).    The  oceurrenoa  of  glyco; 
-  The  yoft  i  n  of  an  n  buminoid  similar  in  0 

to  keratin  [  Lubbibmamm). 

ej    part  of   the   yolk — the   nutritive   yolk   or  yellow—  i-  a 

viscous,  non  rant,  pale-yellow  or  orange-yellow  alkaline  am 

of  a  mild  taste.    The  yolk  contafna  mteWn,  let 

ing-mattcnt,  tfaoSB  of  Rsaridm  (BbUBOEK*),  a  dl  ,  it  and 

M\stv\NtO.  pterin  bates  (.Mkkkkmtzki  j),  gluooee  in  vei 

nod  mineral  bodice.    The  occnirence  of  cap  id  of  gran  I         Sarie 

!i  (  1  >aici:s['l  4)  has  not  been  positively  proved. 
Ovovitellin.     This  body  which  is  generally  1  u  a  gli 

ivaljtv  a  nuclooalbumin.    Hie  question  bs  bo  whal  relationship ott 

'•c.s  which  arc  ta  ovovitellin,  like  il 

tain  Beeda  and  the  yelk  epherulee  of  th  certain  fl  baa  and  an 

ians,  bear  to  ;'  i   one  which  requires  further  inve 

The  ovovitellin  which  has  been  Ihe  yolk  of  •• 

puis  proteid    body,  but  always  contains  lecithin.     Boppfc-i  found 

26  per  oen<  lecithin  in  viteUin  and  also  soi 

maj  by  boiling  alcohol,  bul  the  ritellin  is  changed  then-hy,and 

ir   is    tli:  probable  lecithin   is   cheniicnlly   united   will 

ll'm  (Hop  According  to  I  i  n«  d  Camphbll,  • 

I  ovovitellin  ifl  B  mixture  of  various  vitellin-looithin  com 
i    eroett  oi  leeitirn     The  pi  ibstance  freed  from  ledtan 

ii    all  these  compounds  and  has  the  •'.  II 
H  :  18,  N  1638,  8  1.04,  P  0.94,  0  -  ■  I  gum  * 

i  by  Grosi  '  for  vitellin  prepared 

•  PfluRer's  Arch..  43 

■  ■'  .er  Ptomaine.     Berlin,  I 
l.  r  .iml    Masuyama,  Zeitschr.  f.   Biologic,  80;     Mcacmitzld.   Biochem.  Cffl- 
ftfalbl.  t.  739. 

« Corapt.  rend..  72. 

1  Med  chew.  Dntamah.,  216. 

•  Oslxirne  and  Campbell.  Connecticut  Ajrric.  Exp.  Station,  23d  Ann 
Haven,  1900;  Grow,  Zur  Kenntn.  d.  Ovovitellin*,  Inaug.-Di*s.  Stnuaburr.  18 
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method  (precipitation  with  |  MIJJSOJ,  namely:  C  4S.01,  H  6.35,  N  U.'.M 
;.  P  0.82-0.85,  s  o.ss.  and  the  composition  of  ovovitellin  is  therefore 
i ositividy  known.     QSQSS  bond  in  vitellin  a  globulin  coagulating  at 
r°C  in  a  solution  contain;'  toblorio  arid. 

( )n  the  pepsin  digestion  of  ovovitellin,  Osborne  and  Campbell  obtained 
a  pseudonuelein  with  varying  amounts  of  phosphorus,  2.52-4.10  per  cent, 
il  l  prepared  a  pseudonuelein  by  iligesting  the  yolk  with  gastric  juice, 
and    his  pscudonuclein,  according  to  him,  is  of  great  importance  in  the 
formation  of  be  Mood,  and  on  these  grounds  he  called  it  hctmalogan.    This 
latogen   has  the  following  oamposUaoii:   C  42.1 1,  IT  6.08,  X  1 4.7:5, 
v,,  p  5.19,  Fe  0.29,  and  1 1  :'>1 .06  pec  oeot 

Vitdlin  is  similar  to  the  globulins  in  that  it  is  insoluble  in  water,  but 
on  the  contrary  soluble  in  dilute  neutral-salt  (although  the  solution 

is  not  quite  transparent).  It  is  also  soluble  in  hydrochloric  acid  of  1  p.  m. 
and  in  very  dilate  solutions  of  alkalis  <»r  alkali  Carbonates,  It  is  precipi- 
tated from  its  salt  solution  by  diluting  with  water,  ami  when  allowed  to 
stand  some  time  in  contact   with  •  •  vitellin  is  gradually  ehaagedj 

forming  a  substance  more  like  the  albuminates.  The  coagulation  tempera- 
ture for  the  solution  containing;  salt  (Nal'l)  lies  between  70"  and  75°  C, 
or.  when  heated  very  rapidly,  at  about  80°  C.  Vitellin  differs  from  the 
globulins  in  yielding  pseudonuelein  by  peptic  digestion.  Ii  is  Dol  always 
complrtclv  precipitated  by  N'aCl  in   substance.     The  ovovitellin  isolate!  by 

b  gave  Molibch's  reaction.    Neubero  '  has  also  split  oft  guieosaa 
Irom  and  has  identified  it  as  norisosaecharic  acid.     It  is  difficult 

ate  whether  this  glucosamine  was  derived  from  the  vitellin  or  from 
some  other  constituent  of  the  yolk. 

The  chief  points  in  the  preparation  of  ovovitellin  are  as  follow*:    The 
yolk  is  thoroughly  agitated  with  ether;  the  residue  is  dissolved  In  a  111  1   1 
rem  common-sail  solution,  filtered,  and  the  vitellin  precipitated  bj  adding 
an  abundance  Of  water.     The  vitellin  is  now  purified  by  repeatedly  1 
solving  in  dilute  common-salt  solutions  and  pre.  ipit.it imr  with  water. 

Ichthulin,  which  occurs  in  the  eggs  of  the  carp  and  other  ashes  i-*.  according 

t<>    KfJSSBTi   and    WaI/TBR,1   an   amorphous    i  inn    of   the   crystalline    body 

which  occurs  in  the  eggs  ol    the  carp.     Ichthulin  is  precipitated  on 

diluting  with  water.     It  used  to  be  considered  as  a  vitellin.     According  to  Wu.tkk 

it   yields  ;•  pseudonuelein  on  peptic  digestion;   and  tins  pssudonuclein  rives  a 

ing  carbohydrate  on  boiling  with  sulphuric  acid.     Ichthulin  has  the  follow- 

li.ui:  C  63.42,  H  7.63,  N  15.03,  O  22.19.  S  0.41,  P  0.13.     It 

tains  b  a.     1  h--  ichthulin  investigated  by  Lbvbni  from  codfish  asp  bad  the 

eomposition    C  52.44,  H  7.46,  N   15.96,  S  0.92,  P  0.65,  Fe+O  22.58  per  cent, 

yielded    so    reducing    substances   on    boiling   with   acids   and    behaved   similar 


1  Zritachr.  f.  physiol.  Chem.,  9,  49. 
5  Her.  d.  d.  Chen    Gcsellsch.,  34. 

'Walter,  Zeitachr    f    phvsiol.  Chem.,  15;    I^evene,   ibid.,  32;    Hamrrmn»ten.    not 
published. 
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Dm   pura  viu-llin   Isolated    hv   H  \m»iarstkn  frnm   perch  eggs.     Tlic  codfish 
j  1 1 ii  yielded  u  peeudonucleic  acid  with  10.31  per  oei  :;  Laii 

•till  gave  tin-  proteid  reactio 

The  yolk  also  contains  albumin ,  besides  vitellin  and  the  above-mei 
iilta. 

Trie  /';/  of  the  yolk  of  the  egg  is,  according  to  Likukhm  wv.  a  mixture 
of  a  solid  and  a  liquid  tat.    The  solid  fat  consists  chiefly  of  tripalmit.'i 
some  stearin.    On  the  saponification  6f  the  egg-oil  Lrenr.rtMAv 

i    rni  nil  ic  arid,  38.04  per  cent  palmitic  acid,  and  15.21  per  cent  stearic 
acid.     The  fat  of  the  yolk  of  the  egg  contains  less  carbon  than  other  fat*. 

h  may  depend  upon  the  present i  tauo  i  es  and  diglyceri 

upon  a  quantity  6f  f:itt\  -arid  deficient  in   carbon  (LiKnKKM.\\>        In  the 
lecithin,  or  more  rorrec'tty  in  the  lecithin  mixture  of  theyokt 
also  lindlic  acid  besides  Che  three  ordinary- fatty  acids.    The  compbsitioo 
oik  fat  is  dependent  upori  the  food,  as  llKsuigrKs  and  Hans».n  l  have 
mi  that  the  fat  6f  the  food  passes  into  the  egg. 

Lutein.  Yellow  or  orange-red  amorphous  ^.loring-matters  occur  in  the 
yellow  of  the  egg  arid  in  several  other  places  in  the  animal  organwm;  for 
instance,  in  the  blood-serum  and  serous  fluids,  fatty  tissues',  milk-fat.  mrjim 
tulea,  and  in  the  fat-globules  of  the  retina.  These  coloring-matters.  \dudi 
ako  occur  in  tjio  vegetable  kingdom  (Tnrnniifvi').  and  Whose  relationship 
bo  die  Vegetable  pigment  ,  the  xanthophvll  group  baa  recently  been  shown 
by  SnfUKCK  *  have  been  called  luteins  or  Hjvirhrnmes. 

The  luteins,  which  among  themselves  Show  somewhat   different  proper- 
ties, arc  all  solnl  le  in  alcohol,  ether,  and  ehl  «*tl« 
bile-pigment,  bilirubin,  in  that  they  are  not  Separated  from  theii 
in  chloroform  by  water  containing  alkali,  and  also  in  that  tie  give 
the  rharacteri>tic  play  of  colors  with  nitric  acid  containing  a  little  oil 
acid,  but  give  a  transient  blue  color,  and  lastly   they  ordinarily  show  »B 
i  I  itloi      i.etrum  of  two  lands,  of  which  one  covers  the  line  F  and  l^c 
other  lies  between  the  lines  /•'  and  0      The  luteins  withstand   the  am*™ 
of  alkalies  so  that  they  arc  not  changed  when  we  remove  the  fats  present   ^ 
;  saponification. 

Lutein  ha  en  prepared  pure.    Mai.v*  has  found  ,t-i  \ 

iron  in  the  eg  wr  (JW  ija  —one  a  i  ^'.\ 

the  other  u  \Hlow  pjgi  Both  of  these  pigme 

l,!i,.-  l>y  nitric  seid  containing  nil  itifully  gn  lUra— "*.liV 

The  nl  sorption -bands,  especially  of  the  riteiloUifc  l1^^"" 

iv  to  those  of  ovuluteia. 


ipt.  rend.,  137;   Hcnriques  and  Hansen,  Sknrul    Arch    I 
>l  OentralbL  f.  d.  med.  Wisscnsck,   I860;   Schuock,  «ee  Chem, 

tralbl..  l*Bl  2.  HW 

1  Mouatahefte  f.  Chem.,  2. 
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The  mineral  bodies  of  the  _volk  of  the  egg  consist,  according  to  Polh 
of   51.2-65.7    parts   soda,    8ft5-Si'K3    pctjish,    12L'.1-1oL\.n    lime,    20.7-21.1 
magnesia,  Ll.90-14.5  iron  oxide,  638. 1 -067.0  phosphoric  acid,  and  5.5-14.0 
parts  .-ili--i--  a-i'l  in  1000  parts  of  the  ash.     We  find  phosphoric,  acid  and 
lime  I  i  abundant,  and  then  potash,  which  is  somewhat  greater  in 

quantity  than  the  soda.  These  results  arc  not,  however,  quite  correct:  first, 
because  no  dissolved  phosphate  occurs  in  the  yolk  (bOBl  .  anil 

in  burning,  phosphoric  and  sulphuric  acids  are  produced  and  these 
drive  away  the  chlorine,  which  is  not  accounted  for  in  the  preceding 
■■. 

The  yolk  of  the  hen's  egg  weighs  about  12—18  grams.     The  quantity 
of  water  and  solids  amounts,  according  to  Parses,2  to  471.9  p.  m.  and 

628.1  p.  m.  respectively.  Among  the  solids  he  found  156.3  p.  m.  proteid. 
3.53  p.  m.  soluble  aud  6.12  p.  m.  insoluble  salts.     The  quantity  of  fat, 

irdiflg  to  P.wiki.s,  Ls  228.4  p.  m  ,  the  lecithin,  calculated  from  the  amount 
of  phosphorus  in  the  organic  substance  of  the  alcohol-ether  extract,  was 

107.2  p.  m.  aud  the  cholesterin  17.5  p.  m. 
Thn  white  of  the  egg  is  a  faintly  yellow  albuminous  fluid  enclosed  in  a 

framework  of  thin  membranes;  and  this  fluid  is  in  itself  very  liquid,  but 
seams  viscous  because  of  the  presence  of  these  fine  membranes.  That  sub- 
stain  e  wliieh  forms  the  membranes,  and  of  which  the  chaiaza  consists,  seems 
•  i  l»e  a  body  nearly  related  to  horn  substances  (Likhkrma.vn). 

The  white  of  the  egg  has  a  specific  gravity  of  1.045  ami  always  has  an 
alkaline  reaction  tosvunU  litmus.  It  contains  850-880  p.  m.  water,  100-130 
p.  m.  protcid  bodies,  and  7  p.  m.  salts.  Among  the  extractive  bodies 
LfiiiUANN'  found  a  fermentable  variety  of  stigar  which  amounted  to  5  p.  m. 
'•••ording  to  Meiss.ver,  SO  p.  m.  of  the  solids.'  Besides  these  one  finds 
in  the  white  of  the  egg  traces  of  fats,  soaps,  lecithin,  and  cholesterin. 

The  white  Of  the  egg  oi  the  Insessores  becomes  transparent  on  boding  and  sets 
many  respects   like  alkali  albuminate.     This  albumin  Tahciianoff  4   called 

The  pmbein  substances  of  the  white  of  egg  are  all  glucoproteids,  as  they 

yield  glucosamine.  According  to  the  solution  ami  precipitation  proj>- 
ics  they  are  similar  to  the  globulins,  albumins,  or  proteoses.  The  repre- 
ltatives  of   the    first   two  groups,  which  until  recently  were  considered 

true  proteids,  are  ovoglobulin  and  ovalbumin.  The  proteose-like  body 
ovomucoid. 

Ovoglobulin  separates  in  part  on  diluting  the  egg-white  with  water. 

is  precipitated  upon  saturation   with    magnesium  sulphate    or  upon 


'Cited  from  Gorup-Besatuv.  Lehrbucb  d.  physiol.  Chem.,  4.  Aufl.,  740. 
'  Hoppc-SeyW,  Med.  chem    Untereuch.,  Heft  2,  209. 
■Cited  from  Gorup-BeAanez,  T.ehrbuch,  4.  Aufl.,  739. 
*  Pfluger's  Arch.,  31,  33,  and  39. 
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one  half  saturation  with  ammonium  sulphate  and  coagulates  at  a] 
By  repeated  solution  in  water  and  precipitation  with  ammonium  Blip] 
part  of  the  globulin  becomes  insoluble  (Langstein).     This  also  ooetm  on 
preaipHatlon  by  diluting  with  water  or  by  dialysis  and  it  Ls  quite  pi 
that  the  globulin  is  a  mixture.     That  portion  which  readily  becomes  in- 
soluble seems  to  bfl  Identical  with  Eiciiiiolz's  glucoprotcid  or  OfiBOfOi 
QAMFBELL'fl  ovomucin.      Lanustkin  obtained    11    percent    of  gb 

from  the  soluble  ovoglobulin.    The  total  quantity  of  globulins,  according 
to  Iju.l.m  u.  is  about  6.7  per  cent  of  the  total  protein  substances,  and  tin 
eorresponda   with    the   recent  determinations  of  Okhorne  and   Cwipbell 
la  regard  to  the  probable  occurrence  of  several  globulins  in  th< 
the  egg  then-  are  the  Statements  of  Corin  and  Berard  as  well  u 
9TESS,1  but  they  have  not  led  to  any  positive  90DI  i  i-ions. 

Ovalbumin.    The  so-called   albumin  of  the  egg-white   is  undoubtedly 
a  mixture  of  at  least  two  albumin-like  ghlOOpfOteids,    The  views  differ 
con«idi-nibly  in  regard  to  the  number  of  these  compound  proteids  (i; 
zvnski  and  ZoJAj  <I.\utier,  Becha.mp,  Corin  and  Berard,  Fanoi; 
and  others).     Since  Hofmeister  has  been  able  to  prepare  ovalbumin  in  a 
eryBtalline  form,  and  since  Hopkins   and   Pinkis  •   have  shown  thai 
more  than  one  half  of  the  ovalbumin  can   be  obtained  in   such  a  form, 
Osborne  and  Campbell  have  isolated  two  different  ovalbumins  or  chief 
fractions;  the  crystallizable  they  call  ovalbumin  and  the  non-crystailizable, 
conalbumin.    Both  fractions  have  only  a  slight  variation  in  elcnif 
.  imposition;  the  conalbumin  coagulates  between  50-60°C.f  nearer  toWfC, 
and  the  ovalbumin  at  64°  Cor  at  a  higher  temperature.    There  arc  no ctrn- 
clmive  investigations  as  to  the  point  whether  the  non-crystallizabl* 

min  Ls  a  mixture  or  not,  and  the  question  concerning  the  unity  of  the 
crystallizable    ovalbumin     is    also  disputed.       According    to  BoMDETHBfl 
and  Z-i.ia  crystallizable  ovalbumin  is  a  mixture  of  several  albnmii 
0    'what  different  coagulation  temperatures,  solubility,  and  specific  rota- 
tion, while  HoKMKisiKK  and  Lanootein  on  the  contrary  beli 

able  ovalbumin  is  a  unit.     The  statements  as  to  the  Specific 
of  the  different  fractions  unfortunately  differ  and  the  elementary  an: 
have  also  given  no  positive  results,  as  a  variation  of  1.2-1.7  i 
been  observed  in  the  quantity  of  sulphur.     According  to  the  consul  '  " 
analyses  of  Osborne  and  Campbell  and  of  Lancstei.v  the  conal' 


1  I. RSRVtdCk,  Hofmeister '8  Beitrage,  1 ,    Eichholr..  Journ.  of  Physiol..  23 
and  Campbell,  Connecticut  Agric.  Exp.  Station,  23d  Ann.  Report,  New  Haven,  IS 
lUllner,  Maly's  Jahresber.,  15;  Corin  and  Berard,  ibid.,  18 

'  Hofmeister,  Zeitschr.  f.  physiol.  Chcm.,  14,  16.  and  24;  Gabriel,  ibid.,  15;    Bo* 
l:i  and  Zoy.i.  ibid.,  19;  Gautier,  Bull.  soc.  chim..  14;    Boclmmp.   ibid 
and  Berard,  1.  ft,;    Hopkins  and  Pinkus.  Bit.  d    'I    chetn    ' '.rscllsch..  11,  ami  fofflP 
Physiol.,  23;  Osborne  and  Campbell.  1.  c. ;  Panormoff.  Maly's  Jahresber .,  2?  and 
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I  about  1.7  per  cent  sulphur  and  about  It  pet  cent  nitropen.  whil 

ovalbumin  contains  on  an  average  about  15.3  per  cent  mtrogeii.     La.no- 

stkin  '  obtained  l o —  1 1  pec  eent  gjtucosainine  from  ovalbumin  and  shout 

r  Bant  from  mnalbumin.      The  ovalbumin  like  (he  conalbuniin  has 

the  properties  of  the  albumin  STbIj  but  •lifTers  from  seralbumin  in 

tin;  following:  The  specific  rotation  la  tows*.    It  ie  made  quickly  insoluble 

V>>-  alcohol  end  is  precipitated  by  a  sufficient  quantity  of  Hcl.  I  Ives 

in  an  excess  of  aci<!  with  greater  difficulty  than  the  seralbumin. 

In  preparing  crystalline  ovalbumin  mix,  according  to  SoronzaTBR,  the 
atten  white  of  egg  free  from  foam  with  an  equal  volume  of  a  saturated 
ammonium-sulphate  solution,  filter  off  the  globulin,  and  allow  the  filtrate 
lowly  evaporate  in  thin  layers  at  the  temperature  of  the  room. 

lie  masses  which  separate  out  are  dissolved  in  water,  treated  with 
auoDjnonronvsi  olution  until  they  begin  to  get  cloudy, and  allowed 

sated  reeryBtalhaation  the  mass  is  either  treated  with 
ih  makes  the  crystals  insoluble, or  they  an  di   olvi 

i  i  \m  these  solutiona  the  protdd  does  not  crys- 
talline again  on  spontaneous  evaporation.     (See  also  page  430,  foot-no 
for  the  Hopkznb  and  I'ixkis  method.) 

oalbumin  can  be  removed  from  the  ffltratej  after  the  complete  crys- 
tallisation of  the  ovalbumin,  by  removing  the  sulphate  by  means  of  dii 
ulating  by  heat. 

QAmxaB1  found  a  Bbrinogen-hlcs  lubstanei  hi  the  white  of  the  egg,  wl 
was  changed  intx>  a  fibrin-like  body  by  the  action  of  a  ferment. 

Ovomucoid.    This  substance,  first  observed  by  Ni  i  a  and  consid- 

ered by  him  as  a  pseudopeptone  and  then  later  studied  by  SaL&OWBKX,  is. 
according  to  C.  Te.  Morver."  a  mucoid  with  12jS6  per  cut  nitrogen  and 

per   sent  sulphur.      On   boiling  with    dilute    tinner:!  Id-    a 

i !  exists  En  hens1  eggs  to  the  extent  of  about 
10  per  cent  of  the  total  solids. 

A  solut  icoid  b  oof  prei  by  mineral  acids  nor  by 

organic  acids,  with  the  exception  of  phosphotung  d  and  tannic  acid. 

Dot  precipitated  by  metallic  suits,  but  basic  lead  acetate  and  ammonia 

II  -     Ovomucoid  is  thrown  down  by  alcohol,  but  so«! 
odium  sulphate,  and  magnesium  sulphate  give  no  precipitates  either  at 
the  ordinary  temperature  or  when  the  salts  are  added  tosatur;  Jf/C. 

Its  solutions  are  not  precipitated  by  an  equal  volume  of  a  saturate  ; 
of  ammonium  sulphate,  but  are  precipitated  on  adding  move  salt  thereto. 


'  Zeitachr.  f.  physiol.  Chem.,  31. 
raid  ,  lift. 
:     Neumeistcr.   Zvitscbr.  f.   Bidofde,  27:    Salkowsl.i.  U    f.  d.  raed    Wia- 

ionsch  ,   18B8i  618  and  706;    C    Mftraer,    Zetftaohr.  f.  BByaU.   Chem.,  18;  see  alao 
Langstein,  Hofmeister's  Beit  rage,  3  (literature). 
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Th.  •  siibstanc  ding,  but  the  pnrt -which  has  beam 

insoluble  in  cold  water  and  then  dried  is  dissolved  by  boiling  wafer 
neti'i  has  prepared  L'lucosjimin  fitting  ovomucoid  trated 

hydrochloric  acid,  and  mi  m  MM  found  that  the  quantity  of  glucoaai 
ovomucoid  was  31.9  per  cent.1 

mucoid  may  be  prepared  by  removing  all  the  prbteids 
iln    addition   df  acetic  acid  and  then  concentrating  the  filtrate 
with  alcohol.     The  substance,  is  purified  by  repeated  so 
in  water  and  precipitating  with  alcohol. 

I  he  mi'ii  rcu  bodies  of  the  white  of  the  egg  have  been  analyzed  by  i 
and  Wv.vam.7    They  found  in  1000  parts  of  the  ash:   276.6-2S4..>  - 
potash,   235.6-329.3   soda,    17.4-20    lime.    16-31.7    magnesia      I 
'is  1   -js-i.O  r  hb.rin.-.    81.6-48.3  phosphoric    acid   (1V-V 
sulphuric    acid,  2.S  2foA    silicic,  acid,   and   0(5.7-116  grams  carbon  di> 
Traces  of  fluorine  hayje  also  l>een  fo:  in,!  (Xkki.k>  3).    The  ash  of  the  wait* 
of  the  egg  cor  compared  with  the  yolk,  a 'greater  amount  of  chlorine 

and  alkali«-s  and  a  smaller  amount  of  lime,  phosphoric  acid,  and  iron. 

The  Shell-membrane  and  the  Egg-shell.     The  shell-membrane  consist. 
as  above  stated  (page  57,1.  of  a  keratin  substance.      The  shell  contai 

little  organic  substance,  ori-(»5  p.  m.  The  chief  mass,  more  than  000  p.  m. 
consists  of  calcium  carbonate;  besides  this  there  are  very  small  amounts  of 
magnesium  carbonate  and  earthy  phosphates. 

The  diverse  coloring  of  birds '  eggs  is  due  to  several  different  coloring  a 
Among  these  we  find  a  red  or  reddish  -brown  pigment  called 
which  is  perhaps  identical  with  hxmatoporphyrin.    The  green  <>r  blw 
matter,  Kohby's  oocyan,  seems,  according  Ut  Liebehmann*  and  Km 

to  be  purely  l>ih\rrdin  and  partly  a  blw-  il<nratnr  »]  the  biU-pigmenU. 

The  eggs  of  birds  have  a  space  at  their  blunl  end  filled  witl 
gas  contains  on  an  average  ivn  19  0  per  cent  o*ygen  (HtmrEi 

The  weight  of  a  hen's  egg  varies  between  40-00  grams  and  ma> 
times  weigh  70  grams.     The  shell  and  shell-membrane  together,  v, 
fully  cleaned,  but  still  in  the  moist  state,  weigh  5  8  :rams.    The  yolk  v. 
12-1S  and  the  white  23-34  grams,  or  about   double,      'i 
tains  2.8-7.0,  or  average  1.0  milligrams  of  iron  oxide,  and   the  quantity  « 
imn  can  !»«•  increaseil  h\   food  rich  in  iron  (IIartung  ■). 

a    «'entnill>L   1896,  1;   Seemaon,  cited  from  Lougsteiu,  Ei^tfcoa*8 

.  l.  Abt.  I,  Bfl. 

■  -nx  IlopiM.-^evler,  Physiol.  Chcm.,  778. 
'fom'pt.  rand  ,  Mc 

• '  itrd  from  Knik. u  b.  d    phyn-chem.  Geselbeh  in  Wiirahw 

1  Ber.  d.  deutoch.  chcm.  Gesensch.,  1L 
•h.  e. 

TDu  Boit-Rcyinoiul's  Arch.,  1892. 
•  Zeitschr.  f.  Hiologie,  || 
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TV  while  of  the  egg  of  cartilaginous  and  bony  fishes  contains  only  traces  of 
Irue  albumin,  and  I  &  the  frog's  egg  cousisl 

i  lie  crystalline  formation  .  huh  havo 

ifamnnsd  W  tha  ogg  of  the  tortoises,  tnm  my,  shark,  and  other  hshc- 
it  are  de*cnl*"i  .d  1-ukmy  '  under  the  nam 

vhlhi  r»,  scorn,  aaabo  I  in  connection  with  ichthulin, 

lOglucoproteids.     The  egg  of  the  river -crab  and  the 
lobster  eon  tain  the  same  pigment  U  tfa  d.     Thin  pigment,  called 

cytinoeryniallin,  becomes  red  on  boilil 

C    MuKNtu  '  has  isolated  a  substance  which  he  calls  ■percaglobulin  from 
the  river-jHTi'h.     It  is  a  globulin  and  has  a  strong  astringent 
rich  in  sulphur,  1.92  prr  cent,  and  is  precipitated  by  o.7.*»  pat  osnl  Hi .'1. 
Especially  stri'.  inert)  of  precipitating  certain  glucoproteida,  such  as 

rial  mucoids,  an<l  polysaccharides,  such  as  glycogen,  gum  traga- 
i  hi  .mil  starch-paste,  and  of  heing  precipitated  by  lh 
In  fossil  eggs   (of  ApTKNonvTF..s,   psiAOANOB.  and   n  in  old  ^1 

Uninatfld  combination  has  been  found  which 
:IK1ISO,+  -1H30)  and  which  is  easily 
and  ethe 

•se  eggs  which  d  rvelbp  outside  of  the  mother-organism  muBt  contain 
all  the  dements  necessary  for  the  young  animals.  One  fimls,  therefore,  in 
the  yolk  and  white  of  the  egg  an  abundant  quantity  of  proteid  lMwlies  of 
different  kinds,  and  especially  phosphorized  proteids  in  the  yolk.  Further, 
we  also  find  lecithin  in  the  yolk,  which  seems  habitually  to  occur  in  the 
developing  cell.  The  occurrence  of  glycogen  La  doubtful,  and  the  enrbo- 
ites  are  perha{>s  represented  by  a  very  small  amount  of  sugar  and 
glooo  On  the  contrary,  the  egg  contains  a  large  proportion  of  fat, 

which  doubtless  is  an  important  source  for  the  supply  of  nourishment  and 
lamtaining  respiration  for  the  embryo.  The  eholetfterhl  and  the  lutein 
can  hardly  have  a  direcl  influeuo-  "ii  the  development  of  the  embryo. 
The  egg  also  seems  to  contain  the  mineral  bodies  necessary  for  the 
development  of  the  young  animal.     The  lack   of  phosphoric  acid 

by  an  abundant  amount  of  phosphorized  organic  sul>stanee,  and 
tbunun  containing  iron.  from  winch  the  lui'inatogen  (see  page 
1.-7     i     formed,  is  doubtless,  as  Hingf:  daim>.  of  ^reat  imjM.rtati.v  in  the 
formation  of  bin  containing   iron.     The   -ih-ic   acid  necessary 

[i  ipment  of  the  feathers  is  also  found  in  the  egg. 
Dtirltlg  the  period  of  inrubation  i:  idefly  dun  to  loss 

of  water.     Tl  •  nd    the   proteids, 

diminishes  and  tl  Ives  off  not  only  carbon  dioxide,  but 

XrtSERMANN  *  has  shown,  nitrogen  or  a  nitrogenous  sub.-ianec.  The  loss 
is  compensated  by  the  absorption  of  oxygen,  and  it  is  found  that  during 
neubation  a  respiratory  eke  t>!  gas  takes  place. 

•hr  f  phyaioL  Chem  ,  7. 
■  I  from  lloppc-Scylcr's  I'hysioL  Chem.,  77. 
'  Zeitschr.  f.  phyainL  Chein.,  40. 
'Pfliiger's  Arch,  43. 
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As  Bohr  and  Habw    bacb   have  shown  by  exact  investigations, 
elimination  of  carbon  dioxide-  is  very  .small  the  first  days  of  incubation,- 
ho  fourth  day   thfl  earbOB  dioxide  production  gradually  increases  and 
the  ninth  day  it  augments   in  the  same  proportioo  as  the  weu. 
the  foetus.     Calculated  upon  1  kilogram  weight  for  one  hour  it  is.  from 
ninth  day   on.  about  the  same  as  in    the  full  grown  hen.     II I 
has  .  n  that  the  fertilized  hen's  egg  not  only  gives  off  nitrogen 

:  1  hve  or  six  hours  of  incubation,  bin  also  BOBM  oxygen,  and  Qui 
are  here  dealing  with  an  oxygen  production  which  runs  parallel  with  the 
cell-division.     It  is  not  known  whether  this  oxygen  for 
with  the  life  of  the  cell  is  a  fermentative  or  a  so-called  vital  process. 

While  the  quantity  of  dry  substance  in  the  egg  during  this  period  always 
i  asee,  the  quantity  of  mineral  bodies,  proteid,  and  fat  always  increase* 
in  the  embryo.     The  increase  in  the  amount  of  fat  in  the  embryo  depends, 
according  to  1,ikhkum\\n.  in  great  part  upon  n  taking  up  of  the  mr 
yolk  in  the  abdominal  cavity.      The  m  i.idit  Of  the  .shell  and  the  quant'; 
lime-salts  contained   therein  remains   unchanged   during  don.    The. 

I  white  together  contain  the  necessary  quantity  of  lime  for  devel- 
opment. 

The  most  complete  and  careful  chemical  investigation  on  the  develop* 
'  of  the  embryo  <<f  the  hen  has  been  made  by  I.ikukkmwn. 
researches  we  may  quote  the  fallowing:  •  jrlier  stages  of  the  develop- 

ment,  tissues  very  rich  in  water  are  formed,  but  upon  the  continuation  of  the 
development  the  quantity  of  water  decreases.     The  absolute  qu 
the  bodies  soluble  in  water  increases  with  the  development,  while  theirrela- 
tive  quantity,  as  compared    with    the    other  solids,  continually  deer. 
The  quantity  of  the  bodies  soluble  in  alcohol  quickly  increases.     A 
important  increase  is  noticed  in  the  fat,  whose  quantity  is  not  very  great 
even  on  the  fourteenth  day,  but  after  that  it  becomes  considerable.    The 
quantity  of  proteid  bodies  anil  albuminoids  soluble   in  water  grows  contin- 
ually and  regularly  in  such  a  way  that  their  al  quantity  increases* 
while   their  relative   quantity   remains   nearly   unchanged.     LXEDSai 
found  no  gelatine  in  the  embryo  of  the  hen.    Theembryi  i  >t  contain 
any  gelatine-forming  substance  until  the  tenth  day,  and  from  the  ; 
day  on  it  contains  a  body  which  when  boiled  with  water  gives  a  Miktanee 
similar  to  chondrin.     A  body  similar  to  mucin  occurs  in  tin 
about  six  days  old,  but  then  disappears.     The  quantity  o  -'bin 
shows  a  continual  increase  compared  with  the  weight  of  the  body.    Likbo- 
mann  found  that  the  relationship  of  the  haemoglobin  to  the  body  weight  *ss 
1 :728  on  the  eleventh  day  and  1 :421  on  the  twenty-first  day. 


1  Bohr   and    Ilasselbach,  Maly's    Jahresber.,    29;    Hasselbach,    Skaud.    Arch   I 
Physiol..  13. 
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By   moans  of  Berthklot's  thermometrie    methods   Tam.l  has  drler- 

!  the  chemical  energy  present  at  the  beginning  and  end  of  ih. 

of  the  e  rrow's  and  hen's  eggs.     The  difference  was 

I  as  work  of  development.     Hie  found   thai   the  chemical  energy 

neeeBsary  for  the  development  <>!'  1  gnaiDOf  ripe  or  nearly  ripe  ibryo 

{Plymouth  egg)  was  equal  to  658  C  "ri<;inated  chiefly 

from  the  fat.     Of  the  total  ehemi'-al  energy  utilised,  :  VU  U86d  for 

ruction  of  the  embryo  end  one  thin!  transformed  mto  other  foxm 

of  energy  as  woo  ment.     Still  more  i  and 

show  thi  tmed  Bhemlcal  energ}  ia  used  m 

the  construction  of  the  embryo,  as  it  nearly  entirely  a  egg  as  heat. 

ie  of  the  placenta  DAB  not  thus  far  been  the  subiert  of  detailed  chemical 
investigation.     In  the  edxai  i  of  bitohei  and  of  estl  :i  eryehdHssUe 

orange-colored  pigment  il.iInnUii.'i  has  been  found,  and  also  a  gr.  |>hous 

I    .1-.   i.iliM'i.im    b]    Ktti.' 

it)  of  these  pig  n    i         ith  bUiverdin. 

From  'I..  ■••ut:i  in  runiinantsa  white  or  faint]  fared 

creamy  tiuid,  the  uterine  milk,  esn  be  00  .    pressure,     li  dine  in 

reaction,  i.  n  beoomei  acid  auiokly.     [te  specific  gravity  is  1.033-1.040.    it  con* 

tains  as  form-*  1  null  granules,  and  cpithidiuniHvlK     There 

has  been  .2    120.9  p.  m.  solid.-,  nl.'J    105.6  p.  DEL  proteid,  about  10  p.  in. 

fat,  and  3.7-8.2  p.  m.  ash  in  the  uterine  milk. 

wring  in  the  VX  M»la  racemosa)  has  ti 

•   ,  1.009  L.012,  and  contains  I9.4-2&3  p.  m.  eolida  vntn  HO  p  i  . 
ii  bodies  and  6-7  p.  ra.  ash. 

The  amniotic  fluid  b  is  thin,  whitish,  or  pale  yellow;  sometimes 

it  a  Bomewl  brown  and  chmdy.    White  flake:-  separate.     The 

fornwlenient-  are  mucus-corpuacta,  -Us.  fat-titan*,  and  fa 

Aoir.     The  odor  is  stale,   the  reaction   neutral  or  fain:  !me.     The 

lo  gravity  is  1.002-1.028. 
The  amniotic,  fluid  i  the  ooostituents  "i"  ordinary  fcrarj 

amount  of  eolida  at  birth  is  hardly  20  p.  in.     Ed  the  earlier  stages  of 
pregnane)-  the  fluid  contains  more  peciaUy  pzoteids,    Arppeg  the 

lund  one snbetanoe  -nmlar  to  w  ixreat 

probability  also  a  tall  quantities  0    mucin. 

pepsm.   diastase,   thrombin,    ti  •  ••cur  aeeording  to 

regularly  found  in  the  amniotie  tl  n  i  of  cows,  but  D 
inn  beings.    On  the  contrary,  the  human  amniotic  fluid  contains  some 
and  allantoin.     Tlie  quantity  of  these  may  be  increased  in  hydramnion 
[PROCHOWKICK,  SaRNACK),   which  depends    on  on  hy 

the  kidneys  and  skin  of  th  •  foetus.  and  lactates  are  doubtful  con- 

stum  be  amniotic  fluid.     'Hie  quantity  of  urea  in  the  amniotic  fluid 

1  Tangl.  Pfl  user's  Arch..  0.1;    Bohr  and  Hnssclhach,  Skand.  Arch.  f.  Physiol.,  1 1 

ibec  .  J,  JS7. 
'  l>io  Blutkriitalle.  Jena,  1871,  189. 
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is,  according  to  Prochownick,  0.16  p.  m.  In  the  fluid  in  hydramrion 
Prochownick  and  Harnack  found  respectively  0.34  and  0.48  p.  m.  una 
The  chief  mass  of  the  solids  consists  of  salts.  The  quantity  of  chlorida 
(NaCl)  is  5.7-6.6  p.  m.  The  molecular  concentration  of  the  amniotic  fluid 
is  somewhat  lower  than  that  of  the  blood,  which  is  no  doubt  due  to  a 
dilution  by  the  foetal  urine  (Zangrmeister  and  Meissl  1). 

1  Weyl, Du  Boifr-Reymond'a and Raichert's Aroh.,  1876;  Boudi, CentTalbi. f.GynftkoL, 
1003;  Prochownick,  Arch.  f.  Gynftk.,  11,  also  Maiy'a  Jahreaber,,  7,  155;  flarnni, 
.Berlin  klin.  WochenBchr.,  1888,  No.  41;  Zangemeister  and  Meiaal,  Munch,  med.  Woojk* 
enschr.,  1903. 


CHAPTER  XIV. 

MILK. 

Trrn  chemical  constituents  of  the  mammary  glands  have  been  little 
studied.   The  cells  are  rich  in  proteid  and  nuclcoproteids.    Among  the  latter 

iVe  0B6  that  yields  pentose  and  guanine,  hut  DO  other  purin  b:i 
boBtag  with  dilute  Bimetal  i  i  This  tiitfnpmtnd  jm($t&t  investigated  by 
Odknius,  contains  as  an  average  the  following:  17.2S  per  fefl0t  X,  0.89  per 
cent  S.  and  <X277  per  cent  P.  One  cannot  state  what  relation  this  body 
bears  10  That  constituent  of  the- gland  found  by  Bert,  which  OH  boiling  with 
dilute  mineral  icidfl  yielded  a  reducing  substance.  Such  :i  suk-tanee, 
•Aden  nets  perhaps  as  a  step  towards  the  formation  «»f  lactose,  has  also 
been  .    by  Thierkeldkh.1     Fat  BflMnt  to  lie  a  never-failing 

;in£j  gland,  and    I  may  he   observed   in   the 

plasm  as  large  or  small  globules  similar  to  milk-globules.     The 
live  bodies  Of  tli'*  mammary  glands  have  been  little  investigated,  but 
hem  are  four i« I  fmisiderable  amounts  of  .  ossei 

iman   milk  and    the   milk  of  animals  afa  essentially  of  the 
constitution,  it  seams  bast  to  speak  first  of  (he  one  most  thoroughly  inves- 
tigated, namely,  cow's  milk,  and  then  of  the  essential  properties  of  the 
remaining  important  kinds  of  milk.* 


Cow's  Milk. 

Cow's  milk,  like  every  other  kind,  forms  an  emulsion  which  consists  of 
very  finely  divided  fat  suspended  in  a  solution  <  chiefly  of  proteid 

bodies,  milk-sugar,  and  salts.  Milk  is  non-transparent,  white,  whitish 
■•■.■,  <.r  in  thin  layers  somewhat  bluish-wi  faint,  insipid  odor  and 

mild,  faintly  taste.    The  specific  gravity  is  1.028  to  1.0345  at 

15°  C.  The  freezing-point  is  0.54-0.59°  C,  average  0.563°  C,  and  the  mo- 
livular  concentration  0.298. 

The  reaction  of  perfectly  fresh  milk  is  generally  amphoteric  towards 
litmus.     The  extent  of  the  acid  and  alkaline  part  of  this  amphoteric  reac- 


Iv'b  Jahresber.,  80;   Bert.  Corapt.  rend.,  »8;   Thierfelder,  Pflugcr's 
Arch.,  ti,  and  MiUy's  Jahreeber.,  18. 

1  A  v*ry  complete  reference  lo  the  literature  on  mflk  may  be  found  in  Raudnito'a 
"Die  Bestandteila  der  Milch,"  in  Ergebniaee  der  Physiol,  2,  Abt.  I. 
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lined  by  different  investigators,  especially  ThOrneb, 
SBB  idCoUBA  ! differ  Bomewhatwitn  the 

reaver  the  milk  from  different  animals,  as  well  as  that  fr»m 
ame   animal   at  different    times   during   tin:   lactation    period,  varies 

ewhat.    Ooubaht  baa  determined  the  alkali  e  part 

I    ing  blue  l:i«Mii'iid  Bfl  EfidfcatOT,  and  tin-  acid  II'  r:\.\-\y: 

soda,  using  phenolphthalein  as  indicator.     Ho  found,  as  an  average  for  the 
first  and  last  purl  inn.-:  of  the  milking  of  twenty  rows,  that  1<K>  - 
hod  the  same  alkaline   reaction   toward    blue  tacmofd  as  41  i 
caustic    soda,    and    the    same    arid    reaction    toward    phenolphthalein  0 
19.5  0.  0.   N    ID  sulphuric  at 

Milk  gradually   changes  when   exposed    to   the  air.   an  -action 

P6  ami  more  acid.     This  depends  on  a  gradual  transformation 
of  the  milk-sugar  into  lactic  arid,  caused  by   micm-or^anisms. 

Entirely  fresh  amphoteric  milk  doflB  DOt  coagulate  on  Dotting 
a  skin  consisting  of  coagulated  casein  and  lime-snlts,  which   rapidly  re- 
forms after  being  removed.    Even  after  naming  a  current  tit  carbon  dioxide 
thzougfa  the  fresh  milk  it.  floes  not  coagulate  on  boiling,      I 
as  the  formation  of  lactic  add  advances  U 

stage  is  reached  when  the  milk,  which  has  previously  had  carina  dioxide 
passed  through  it.  coagulates  on  boiling.    At.  s  second  stage  it  coagulates 
alone  on  heating;   then  it  coagulates  by  passing  carbon  dioxide  aid 
out  boiling;    and  lastly,  when  the  formation  of  lactic  . 
coagulates  spontaneously  at  the  ordinary   temperature,  forming  a 
mass.    It  may  also  happen,  especially  in  the  warmth,  that  the  csmmi- 
clot  contracts  and  a  _\  ellowish  or  yellowish-gre  id  (acid  • 

separates. 

Milk  may  undergo  various  fermentation       l  fermentation,  brought 

about  by  HttPPB'S  lactiCHUdd  bacillus,  and  also  other  \ 
In  the  -| taneoua  souring  of  milk  v. 

acid  as  the  most  essential  product,  but  a  i  ■ 

place,  sod  in  oertan  b ipositiona  of  milk  succini 

acid  is  funned.     The  materials  from  which  these  two  acid*  are  (>•■< 

and  lactophosphocarnic   acid.      Besides  lactic  and  succinic  acids,  volitili 

ttCtd  d    and  i.ti.i 

deeompoaition  <if  milk. 

Milk  sometimes  undergoes  a  peculiar  kind  nf  coagulation,  Iwing  convert™ 
into  ipy,  slimy  mass  (thick  milk).    This  conversion  <\v penda  upon  » 

nge      wl  ich  the  milk-sugar  i.--  made  t<<  und  limy  tranHonnv 

tion.    This  transformation  is  caused  by  special  micro-organisms. 

If  the  milk  is  sterilized  by  heating  and   contact  with   micro-or. 
prevented,  the  formation  of  lactic  acid  may  be  entirely  stopped.   TV 
production  of  acid  may  also  be  prevented,  at  least  for  some  tin  • 
antiseptics,  such  as  salicylic  acid,  thymol,  boric  acid,  and  other  h 
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If  freshly  drawn  amphoteric  milk  is  treated  with  rennet,  it  coagulates 
quickly,  especially  at  the  temperature  of  the  body,  to  a  solid  mass  (curd) 
from  which  a  yellowish  fluid  (sweet  whey)  is  gradually  pressed  out  l'liia 
coagulation  occurs  without  any  change  in  the  reaction  of  the  milk,  and 

t therefore  it  fa  distinct  from  the  acid  coagulation. 
In  cow's  milk  we  find  as  form-elements  a  few  colostrum  corpuscles 
(see  Colostrum)  and  a  few  pale  nucleated  cells.  The  number  of  these 
form-elements  is  very  small  compared  with  the  immense  amount  of  the 
most  essential  form -constituents,  the  milk-globules. 
The  Milk-globules.  I  beM  insist  of  extremely  small  drops  of  fat  whose 
number  is,  according  to  Woll,1  1.06-5.75  millions  in  1  c.  nun.,  and  whose 
i meter  is  0.0024-0.1  HUO  mm.  ami  0.0037  mm.  ax  an  average  for  different 
kinds  of  animals.  It  is  mv]u.>stionablc  that  the  milk-globules  contain  fat, 
and  we  consider  it  as  poattirva  that  all  the  milk-fat  exists  in  them.  Another 
disputed  question  is  whether  the  milk-globules  consist  entirely  of  fat  or 
whether  they  also  contain  proteid. 

According  to  the  ob-vr\ations  <>f  A-ciieeison,1  drops  of  fat,  when 
dropped  in  an  alkaline  proteid  solution,  are  covered  with  a  fine  albuminous 
coat,  a  so-called  haptogen-membrane.  As  milk  on  shaking  with  ether  docs 
not  give  up  its  fat,  or  only  very  slowly  in  the  presence  of  u  great  excess  of 
ether,  and  as  this  takes  place  very  readily  after  the  addition  of  acids  or 
alkalies,  which  dissolve  proteids,  it  wa>  i      ihought  that  the  fat- 

globules  of  the  milk  wit  pe.l  in  a  proteid  coat.     A  true  membrane 

has  not  been  detected;   and  since,  when  no  means  of  dissolving  the  proteid 
resorted  to — for  example,  when  the  milk  is  precipitated  by  carbon  dioxide 
iOt  the  addition  of  very   little  acetic  acid,  or  when  it.  is  coagulated  by 
rennet — the  fat  can  be  very  easily  extracted  by  ether,  the  theory  of  a 
special  albuminous  membrane  for  the  fat-globule  has  been  generally  aban- 
be  observations  of  Quincke  *  on  the  behavior  of  the  fat-globules 
in  an  emulsion  prepared  with  gum  ho.  •  led.  at   the  present  time,  to  the 
conclusion  that  each  fat-globule  in  the  milk  is  surrounded  by  a  strsfam 
casein  solution  held  by  molecular  attraction,  and  this  prevents  tin  globules 
from    uniting  with  each  other.      Kverything   that   ehanges  the  physi- lal 
con« 
the 


idition  of  the  casein  in  the  milk  or  precipitates  it  must  necessarily  help 
solution  of  the  fat  in  ether,  and  it  is  in  this  way  that  the  alkalies, 
acids,  and  rennet  act. 

OUCH  has  shown,  in  opposition  to  these  views,  that  the  milk-globules 
are  surrounded  by  a  membrane  of  a  special  slimy  substance.  This  substance 
is  very  insoluble,  contains  14.2-14.79  per  cent  nitrogen,  and  yields  a  sugary 

1  On  the  Conditions  Influencing  the  Number  and  Size  of  Fat-globules  in  Cow's  Milk, 
Wisconsin  Kxpt.  Station,  6,  1892. 

«  Arch.  f.  Anat  u.  Physiol.,  1840. 
»  Pflugex'a  Areh.,  19. 
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or  at  least  a  reducing  substance,  on  boiling  with  hydrocldoric  arid.  It  s 
neither  casein  nor  lactalbumin,  but  seems  to  all  appearances  i  nucal 

■with  the  so-called  "stroma  substance"  detected  by  Radenhausen  and 
Danilewskt.  Storcii  was  able  to  show  that  this  substance  enveloped 
the-  fat-globules  like  :i  membrane  by  staining  the  same  with  lyes.1 

The    milk-fat  which   is  obtained    under  the  name  of  butter  consists 
chiefly  of  okin  and  p>jlmitin.     Besides  these  it  contains,  a 
mi/ristic  acid,  fttearic  acid,  small  amounts  of  lauric  acid,  arachidic  acid,  ami 
diorystcaric  acid,  besides  butyric,  ncid  and  caproic  acid,  traces  of  p., 
acid  and  capric  acid;  also  the  presence  of  mixed  glycerides  (see  Chapt* 
is  not  improbable.     Milk-fat  also  contains  a  small  quantity  of  lecithin  uA 
cholesUrin,  and  a  yellow  coloring-matter.     The  quantity  of  volatile  fatty 
aeiil.s  in  butter  is,  according  to  Duclaux,  on  an  average  about  70  p.  m., 
of  which  37-51  p.  m.  is  butyric  acid  and  20-33  p.  m.  is  caproic  acid.   The 
non-volatile  fat  consists  of  -fa-ft  olein,  and  the  remainder  is  chiefly  pah. 
J  li  •  composition  of  butter  is  not  constant,  but  varies  considerably  under 
different,  circumstances.3 

The  milk-plasma,  or  that  fluid  in  which  the  fat-globules  are  suspended, 
contains  several  different  proteids;  the  statements  as  to  number  and  nature 
of  which  are  somewhat  at  variance.  The  three  following,  casein,  lactalbumi*, 
and  laciglobulin,  have  been  closest  Btudied  and  are  well  characterized.  The 
milk-plasma  also  contains  two  carbohydrates,  of  which  the  one,  lactose,  a 
of  great  importance.  The  milk-plasma  also  contains  extractive  bodies, 
traces  of  urea,  creatine,  creatinine,  hypoxanihine  (?),  lecithin,  ciioUstcrin, 
citric  acid  (Soxhlet  and  IIenkel3),  and  lastly  also  mineral  bodies  and 
gases. 

Casein.  This  protein  sul>stance,  which  thus  far  has  been  detected  posi- 
tively only  in  milk,  belongs  to  the  nucleoalbumins,  and  differs  from  the 
albuminates  chiefly  by  its  content  of  phosphorus  and  by  Ub  behavior  with 
the  rennet,  enzyme,    Casein  from  cow's  milk  has  the  following  oomposi 

;.o.  11  7.0.  N   i:>.7,  B  0.8,  P  0.85,  and  0  22.05  per  cent.    Its  specific 

rotation  is,  according  to  Hoppk-Skylkk,'  somewhat  variable;    in  neutral 

it  is  (a)D  =  —80°.     The  question  whether  the  casein  from  different 

kinds  of  milk  is  identical  or  whether  there  are  several  different  caseins 

•  i]]  disputed. 

Casein  when  dry  appears  like  a  fine  white  powder,  which  has  no  meafr 

-■torch,  see  Maly's  Jahrcsber.,  27;  Radenhausen  and  Danilewsky,  FoiwhmP* 
auf  dctn  Gebietc  der  Viehhaltung  (Bremen,  1SS0),  Heft  9. 

*  Duclaux,  Compt.  rend.,  104.  Various  statements  as  to  the  composition  ol  b*" 
(at  can  be  found  in  Koefoed,  Bull  J  l'Acad.  Danoise,  1801.  and  Wanklvn,  Cbcoiictl 
News,  63;  Browne,  Cbera.  Centralbl..  1809.  2.  833. 

•Cited  from  i  BoHner,  Die  Salze  der  Milch,  etc.  Landwirthsch.  VeouchBlt** 
35.    Sensratahzug,  18. 

*  Handb.  d.  physio!   u.  patbol.  chem.  Analyse,  6.  Anil  ,  250. 
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solubility  in  purr  water  (Laqif.ik  and  BaCKUB).     Casein  is  only  very 
slight!}-  soluble  in  the  ordinary  neutral-salt  solutions.    According  to  Ai 
it  dissolves  rather  easily  in  a  1  per  cent  solution  of  sodium  fluoride*  ammo- 
itiiu.  or  potassium  oxalate.     It  Is  at  least  a  tetrabasie  acid,  whose  equivalent 
1135  according  to  Laq  ad   Bai  CUB  '  and  whose  iimhrular 

foul  OT  six   times   this.     The  salts  arc  split  hydr«.lyti<- ally.     It 

dissolves  readily  in  water  with  the  aid  of  an  alkali  or  alkaline  earths,  aba 

m  carbonate,  from  which  it  expels  carbon  dioxide.     U  casein  is  dis- 
Ived  in  lime-water  and  this  solution  carefully  treated  with  very  .1 
phoiic  acid  until  it  is  neutral  in  reaction,  the  casein  appear,  to  r<  \ 
in  solution,  buff  is  probably  only  swollen  as  in  milk,  and  the  liquid  contains 
t  the  same  time  a  large  quantity  of  calcium  phosphate  without  any  pre- 
cipitate or  any   suspended   particles  being   visible.     The   casein   soli: 
containing  lime  are  opalescent  and  have  on  warming  tli  a  ranee  of 

milk  deficient  in  fat  (which  is  also  true  for  the  salts  of  casein  with  the  alka- 
irths).     Therefore  it  is  not  impossible  that  the  white  color  <>f  ihe  milk 
■   due  partly   to   the  ossein   and   calcium   phosphate.     Soldnkh   has  pre- 
pared two  calcium  combinations  of  casein  with  1.55  and  2.36  per  rent 
and  uibinations  are  designated  di-  and  trieatehffl  by  Cou- 

kant.2 

Casein  solutions  do  not  coagulate  on  i  Uit  are  covered,  like  milk, 

with  a  skin.  They  are  precipitated  by  very  little  acid,  but  the  presence  of 
neutral  salts  retards  the  precipitation.  A  casein  solution  containing  salt  or 
rdinary  milk  requires,  therefore,  mare  acid  for  pseeipitation  than  ■  salt- 

polution  of  casein  of  the  .same  concentration.     The  precipitated  casein 

•en-  easily  Bgsin  in  a  small  excess  of  hydrochloric  acid,  but  less 

ly  in  an  excess  of  a  L,     These  acid  solutions  arc  pre  ripitBtad  by 

ineral  acids  in  6X0688.     Casein  is  precipitated   from  neutral  solutions  or 

m  milk  by  common  salt  or  magnesium  sulphate  in  BUbstAQOC  without 

hanging  its  properties.     Metallic  salts,  such  as  alum,  zinc  sulphate,  and 

pper  sulphate,  completely  precipitate  the  casein  from  neutral  solutions. 

On  drying  at  100°  C,  casein,  according  to  I  uy  bi  a  and  Backur,  deoosh 

of  these,  called  cassia1,  Kb  insoluble 
n  dilute  alkalies,  while  the  oilier,  the  iwaueiH,  is  soluble  therein.    Theiso- 
casein  is  a  stronger  acid,  and  has  other  precipitation  limits  and  a 
lower  equivalent  weight  than  the  casein. 

The  property  which  i-  the  mosl  characteristic  of  casein  i    U  agu- 

with  rennet  in  the  presence  of  a  :-u  i  amount  of  lime  salts. 


iquciir   il  <t'h  Roitriig.-,  3;    M.  Arthiw,  Theses    | 

la  faculty  des  sciem  <       •    P*  i      LS 

!  .-•  dtr  Mil-  i  iir.uif,  I    c       Tri  regard  l<»  the  *alt.s  cif  row-in 

see  th  Malj  '    Jahrasber.,  2o,  and  .1    Rohm&na,  Berlin 

rocbenschr,  1895.     See  also  Kaudnitt,  Krgcbnisse  der  Pbyeiol.,  2,  Al-t.  I. 
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In  solution-  free  from  lime  salts  the  casein  does  not  coagulate  with  renc 
but  it  is  changed  so  that  the  solution  (even  if  the  enzyme  is  destroyed  by 
beating)  yields  a  coagulated  mass,  having  the  properties  of  a  curd,  if 
salts  are  added.  The  rennet  enzyme.  rennin,  has  therefore  an  acti 
casein  even  in  the  absence  of  lime  salts,  and  these  last  are  only  necessary 
for  the  coagulation  or  the  separation  of  the  cord.  This  fact,  which  was 
first  proved  by  H\m\i.\kstk\,  was  later  confirmed  by  Arthur  and  Pacis 
and  recently  closely  studied  by  Fuld.' 

The  curd  formed  0D  the  coagulation  of  milk  contains  large  quam . 
calcium    phosphate.     According   to   Sm\hlkt   and    Soldner,    the  soluble 
time  lial  importance  only  in  coagulation,  while  the  calcium 

phosphate    Ifl    without    importance.     According    to   Coikant   the  ca, 

in  on  coagulation  may  carry  down  with  it.  if  the  solution  contain* 
dir;il('"ui!ii  phosphate,  a  part  of  this  us  trioulcium  phosphate,  leaving  mono- 
calcium  phosjihat<'  in  the  solution.  We  are  not  quite  clear  as  to  the  bnpof- 
thfl  lime  salts  for  the  rennin  coagulation  and  trie  views  are  etill 
it  variable  on  this  question.  The  same  is  true  for  the  chemical 
processes  going  on  in  rennin  coagulation.  If  one  makes  use  of  a  pure  solu- 
tion of  casein  and  as  pure  rennin  as  possible  after  coagulation,  it  is  always 
found  that  the  filtrate  contains  very  small  amounts  of  a  proteid.  the  wKn/- 
proteid,  which  has  other  properties  and  a  lower  content  of  nitrogen  (13ip«T 
cent  \  Roster  ■),  than  the  casein.  The  chief  portion  of  the  casein,  some- 
times given  as  more  than  90  per  cent,  separates  on  coagulation  as  a 

iHtracasein  (or  curd),  which  is  closely  related  to  casein.     The  question 
whether  a  cleavage  of  the  casein  takes  place  here  is  still  unsettled.    The 

M -ivsein  ■  is  not  further  changed  by  the  rennet  0  and  it  has  not 

the  property,  to  tin-  same  extent,  of  holding  calcium  phosphate  in  solutii 
as  casein  has.' 

In  the  di.j    linn  of  casein  with  pepsin-hydrochloric  acid  primarily  a 
phosphorized    pre  formed    from    which    then    the   pseudonucl 

split  off  (Salkowski)-     The  quantity  thus  split    off   ia<  verv   variable,  a» 


STalv's  Jahresber.,  2  and  4;   also  Hammafltten,  Zur  Kenntnisn  dee  KaseinMind 
der  WirkunR  do*  Lnhfarmentes.   Nova  Acta  Reg    Soc.  Sol  Fart- 

achrift  ,    Kflitachr.  f.  pfajfSfaL  ChflU.,  '2'2;    Arthur  ot  I'agto,  Arch,  d-'  I'hv-n-1     .",  .  *.  and 

n    Soc.  hiol.,  43;    Fuld,  Hofmeistor's  Beit  rage,  2,  and  Krg«  I 
Al>t.  I,  where  a  good  review  of  the  literature  may  be  found. 
.  1  .thresher,  11. 
1  It  has  been  recently  proposed  to  designate  the  ordinary  casern  as  easeinofcn  »»1 
the  curd  as  casein.     Although  such  a  proposition  is  theoretically  correct,  it  leads  ia 
practice  to  confusion      On  this  account  the  author  calls  the  curd  paracasein,  accorrftnj? 
lUlae  and  Rose  (Landwirtluch.  Vcrsuchsstat.,  81). 
'  In  regard  to  recent  work  on  the  coagulation  of  milk,  we  must  mention  HUlnunn, 
Milchftcitung,  26;   Benjamin,  Virchow's  Arch  ,  146;  und  Lorcher,  Pfluger's  Arch  .  O; 
Fuld.  1    - 
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shown  by  th-  hu  of   Baueowski,  IIahn,  Moraczewski  and  Bl 

UKN.1     Tlje  amount  of  phosphorus  in   the  pseudonudcins  i  I  also 

varies  considerably     According  to  Salkowbki  the  quantity  "f  the 
donuclein  split  off  is  dependent  upon  the  w  sen  the  casein 

Suidj  ••.•-.,  the  quantity  of  the  peoudoniiclflais  diminishes  as 
[^hydrochloric  acid  increases.     l?i  the-  presence  of  500  grams  of 
pepsin-hydrochloric  acid  '«>  1  gram  of  casein  S\i  ligcstud  the   b 

completely  without  obtaining  any  DSC  in. 

Iii    peptic    as  well    B8    tryptie    digestion  .  \W    up  ink    |>hoe- 

phorus  is  split  off  as  orthophoephofia  aeid,  the  quantl  og  u 

the  digestion  ihcr  part   of   the  phosphorus    IB    retained    in 

organic  combination,  in  the  proteoses  as  well  as  in  the  true  peptone  (S.\l- 
ntij  Bart,  Alexander*). 
From  the  products  of  peptic  m  of  casein,  after  the  n  i  of 

the  pseudonuchin.  Salkowbki1  has  isolated  an  acid  rich  in  pho.-phorus. 
lb-  <-alLs  this  jxminuclcic  acul.  It  is  soluble  in  water,  insoluble  in  alcohol. 
laworolatory, and has  tha  following  composition:  C  42.51 -42.9b,  11  0  )7-7.09, 
N  13  >,  and  P  4.05-4.31  par  cent,    Th  lutere  from  tin 

in    that    it  gives  the  biuret   test  and  B  faint  Xanthoproteic  read 
Presupposing  its  purity  it  Ls  not  an  aeid  comparable  to  the  oneiric  !■• 

Casein  may  be  prepared  in  the  following  way:  Hie  milk  is  diluted  with 

ixtura  treated  with  acetic  acid  to  0.76  to  1  p.  m. 

Casein  thus  obtained  is  purified  by  repeal  i  living  >n  water  with  tin 

of  the  smallest  quantity  of  alkali  pos-dble.  by  filtering  and  reprecipita 

acetic  acid  anil  thoroughly  washing  with  water.      Most  of  the  mill 

lined  by  the  filter  on  the  first  filtration,  and  the  casein  contamin: 

ith  traces  of  fat  is  purified  by  treating  with  alcohol  and  ether. 

Ladoglobulin  was  obtained  by  Bbbeuhn  from  [turating 

it.  with  XaCl  in  -  (which  precipitate  1  the  casein)  and  aatur 

the  filtrate  with  magnesium  sulphate.     As  far  as  it  has  been  il  ed  it 

had  the  properties  of  Berglobulin;    I  tin  isolated  by  Tikmaw  '  from 

■'rum  had   nevertheless  a  markedly  low  content    Of    Carbon^  namely, 
49.83  per  cent. 

Lactalbumin  was  first  prepared  in  a  pure  state  from  milk  I  en*. 

Ita  composition  is,  according  to  him,  C  52.19,  II  7. IS.   N  1  ".77.  S  1.73, 


,  Zeitachr.  f.  physiol.  Chera.,  27;  Salkowaki  anil  IIahn,  Pflnger'*  Arrh., 
laUcowaU,  Aid.,  63;    v.  Moraczewski,  Zeitachr.  f.  physio!.  CbUD  ,  2l>;    si-Mien, 

*  Salkowski,  1.  c;    Bifii,  Virchow'a  Arch.,  152;    Alexander,  Zeitschr.  f.  physioL 
Chen. 

'  Zeitachr.  i   pbysiul.  Cheni.,  52. 

♦  Ibid  ,  26. 
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()  23.13  i>cr  cent.     I-actalbumin  baa  the  properties  of  the  albumins, 
crystallizes  according  to  W*  BM  UCN  s  in  forms  similar  to  ser-  or  oval!  : 
It  coagulates,  according  to  the  concentration  and  As  amount  of  salt  in  solu- 
tion,  at   72°-84°  C.      It   Is  similar    to    seralbumin,   l,;:j    differs   frflO 
having  a  considerably  lower  specific  rota  ton-  power:  («)*  =  —37°. 

The  principle  of  the  preparation  of  lactalbtunin  is  the  same  as  for 
prepagatJOD  rf  seralbumin  from  serum.     The  easein  and   the  g]<. 
remove  I  by  M::><  \  in  substance  and  the  filtrate  treated  as  pre 
(page  153)". 

Tin-  OCeOEretMM  td  it  her  protcids,  such  as  protcotte*  and  peptone*,  in  milk  \w 
not    beeu  positively  proved.      These  bodies  are  easib. 
products   from   ill'    other  protada  of  the  rnilk.     Such  a  laboratory  pro'l 
Mil ion  ".^  and  Covuiu.k's    laciopratriu ,  which    is  a  m  a    Little  casein 

with  changed  albumin,  and  proteose,*  which  is  formed  by  chemical  action.   In 
regard  to  opalisin,  see  Human  Milk,  p.  l.VJ. 


Milk  also  contains,  according  to  Sikokiuki),*  a  nucleon  related  to  Dhos- 
phocarnic  acid,  and  which  yields  fermentation  lactic  acid  ( instead  of  pari- 
lactic  acid)  and  a  special  carnic  acid,  oryfic  acid  (instead  of  muscle  carnir 

h.  aa  cleavage  pwdud  l    Lactopboapbocarmc  acid  may  be  prccip 
as  an  iron  combination  from  the  milk  freed  from  casein  and  coagulabto 
protcids  as  well  as  from  earthy  phosphates. 

Milk  also  contains  enzymes  of  various  kinds.  Of  these  we  mast  D 
caudase,  oxidases,  and  peroxidases,  which  occur  in  the  various  varieties  of 
milk  m  different  ajQOUnte.  Thus,  for  example,  human  milk  contains  small 
amounts  of  oxidases  and  peroxidases,  while  cow's  milk,  on  the  contrary,  is 
richer  in  catalase.  An  enzyme  having  a  mccharijitiiKj  action  seems  to  occur 
in  human  milk,  but  is  absent  in  cow  's  milk.  Human  milk,  as  well  ascoVl 
milk,  contains  a  Hpast  which  has  the  property  at  least  of  acting  upon  mono- 
butvrin.  BabOOCX  and  R.U8SEL  ■  have  found  in  these  two  kin.: 
as  well  as  certain  others,  a  proteolytic  enzyme  which  they  call  galactox 
and  which  is  allied  to  trypsin,  but  differs  therefrom  in  that  it  develops 
ammonia  from  milk  even  in  the  early  stages  of  digestion. 

Lactose,  milk—hoar,  C„HaO„+H,0.     This  sugar,  on  hydrolv. 
be  -  two  hexoses,  dextrose  and  galactose.      It  yields  mueie  acid. 

beside*  other  organic  acids,  by  the  action  of  dilute  nitric  acid.    Lev 
acid  is  formed,  besides  formic  acid  and  humin  substances,  by  the  it- 
action  of  aokU.     By  the  action  of  alkalies  amongst  other  products  ncfind 
lactic  acid  and  pyiocatechm. 

'fV-1  i-irlir.  f   physiol  tlirtn.  8,    Wichmaon,  ibid.,  27. 

'See  Bammaateo    M   I .  '3  Juhrtwber..  6,  13. 

3Zit.«chr   f.  physiol.  Hi,.  I  H 

♦ContriilU  f  Iiakt.  u.  Panwitenk.  (II),  B,  and  Maly'n  Jahrwber..  81.  Sm  & 
Jolles,  ZeiUchr.  f.  Biologic,  45,  and  especially  Il&udnitz,  Ergebnias*  der  PhysioL,  I 
Aht.  1. 
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Milk-sugar  occurs,  as  a  rote,  only  in  milk,  but  it,  has  also  been  found  in 
the  urine  of  pregnant  women  on  stagnation  of  milk,  as  well  as  in  the  urine 
■Iter  partaking  of  large  quantities  of  the  .same  sugar. 

Lactose  Ming    to   Tankkt,1  then-   are  throe   modifica- 

OCCUH  ordinarily  as  colorless  rhombic  crystals  with   1  molecule  of 
of  cry-talli/ation,  which  B  driven  off  by  slowly  heating  to  100°  (,'., 

but  mora  easily  at  130-140°  C.  At  170°  to  180°  C.  it  is  oonverted  into  a 
brown  amorphous  mass,  lactocaramel,  C«H,0O,.  On  quickly  boiling  down 
1  : -sugar  solution,  anhydrous  milk-su.tmr  separates  Ottt.  Milk-sugar 
dissolves  in-G  parts  cold  or  in  2.5  parts  boiling  water;  it  has  a  faintly  sweet- 
ish taste.  It  does  not  dissolve  in  ether  or  absolute  alcohol.  Its  solutions 
are  dextrogyrate.  The  rotatory  power,  which  on  beating  the  solution  to 
100°  C.  becomes    constant,  is  (a)a  =  +  52.5°.      Milk-sugar  r  with 

bases;   the  alkali  combinations  are  insoluble  in  alcohol. 

Milk-sugar  is  not  fermentable  with  pure  yeast.  It  undergoes,  on  the 
contrary,  alcoholic  fermentation  by  the  action  of  certain  schizomycctcs,  and 
according  to  E.  FiseuER  *  the  milk-sugar  is  first  split  into  dextrose  and 
galactose  by  an  enzyme,  lactase,  existing  in  the  yeast.  The  preparati 
milk-wine,  "kumy$8,"  from  mare's  milk  and  "kephir"  from  cow's  milk  is 
based  upon  this  fact.  Other  micro-organisms  also  take  part  in  this  change, 
:ig  a  lactic-acid  fermentation  of  the  milk-sugar. 

Lactose  responds  to  the  reactions  of  dextrose,  such  as  Moore's, 
Trommkr's.  and  RtTBNBS'8,  and  the  bismuth  test.  It  also  reduces  mer- 
curic oxide  in  alkaline  solutions.  After  warming  with  phenylhydrazino 
acetate  it  gives  on  cooling  a  yellow  crystalline  precipitate  of  phenvl- 
lactosazone,  CjJ-IjjN^Og.  It  differs  from  cane-sugar  by  giving 
reactions  with  Moore's  or  Trommkk's  and  the  bismuth  test,  and  also  in 
that  it  does  not  darken  when  heated  with  anhydrous  oxalic  acid  to  100°  C. 
It  differs  from  dextrose  and  maltose  by  its  solubility  and  crystalline 
form,  but  especially  by  its  not  fermenting  with  yeast  and  by  yielding  mucic 
acid  with  nitric  acid. 

The  osazone  obtained  with  phenylhydrazine  acetate  which  melts  at  200° 
C  differs  bom  the  other  nsazones  by  t)eing  inactive  when  0.2  gram  is  dis- 
solved in  4  0.  0.  of  pyridine  and  6  c.  c.  of  absolute  alcohol  and  viewed 
through  a  layer  10  centimeters  long  (Neuberg  *). 

For  the  preparation  of  milk-sugar  we  make  use  of  the  by-product  in  f  u  • 

preparation  of  cheese,  the  sweet  whey.     The  proteid  is  removed  bv  coagula- 

1  the  nitrate  evaporated  to  a  syrup.     The  crystals  which 

separate  after  a  certain  time  are  recrystallized  from  water  after  decolorising 

with  animal  charcoal.     A  pure  preparation  may  be  obtained  bom  the  com- 


1  Hull.  Boa.  chim.   CX),  IS 

1  Iier.  d.  d.  chem.  Gascllach  ,  27. 

*!bid..Z2. 
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modal  milk-sugar  by  repeated  rcerystallization.  The  quantitative  estina- 
tion  of  milk-sugar  may  in  part  be  performed  by  the  potaristrobometv  ad 
partly  by  means  of  titration  with  Pehung's  solution.     Ten  <•    b.  of  Fkh- 

SSOlutaOD  correspond  to  0.0676  gram  of  milk-sugar  in  0.5-1. 5  percent 
solution  after  boiling  for  m  m'mums.    (In  regard  to  I  'a  solution  ami 

itration  of  sugar  see  Chapter  XV.) 

Rm  I  i or  carbohydrate  in  milk  which  ia  soluble  in  water, 

non-crystallizahlc.  which  has  a  faint  reduoDA  adi-.n.  and  which  yields  on  boiling 
with  an  add  a  body  having  a  greater  radverag  power.  Lavdwchb  oonsideri 
this  as  animal  gum,  and  Bectiamt  '  as  dextrin. 

The  mineral  bodies  of  milk  will  be  treated  in  connection  with  its  quanti- 
tative composition. 

The  methods  for  the  quantitative  analysis  of  milk  are  very  mini- 
and  as  they  cannot  all  be  treated  here,  wo  will  give  the  chief  points  of  a 
few  of  the  methods  red   most  trustworthy  and   most  frequi 

employed. 

In  dctenninw  &id*  B  carefully  weighed  quantity  of  milk  is  mixed 

with  an  equal  weight  of  heated  quarts  sand,  fine  glass  pov  [<  I  -v  asbestos. 
The  evaporation  is  first  done  on  the  water-bath  and  finished  in  a  current  of 

carbon  dioxide  or  hydrogen  Dot  above  ion-  (\ 

The  whVktci/  bodies  are  determined  by  incinerating  the  milk,  using  the  pre- 
cautions  mentioned  in  the  text-books.  The  results  obtained  for  the  phos] 
are  incorrect  on  account  of  tlie  burning  of  phosphorized  bodies,  such  as 
in  and  lecithin.    We  must  therefore,  according  to  SSldneBj  bo] 
26  per  cent  from  the  total  phosphoric  acid  found  in  the  milk.    The  quantity 

of  sul]  the  ash  al  ■>  depends  on  ihe  combustion  of  the  pTOt 

In   the  determination  of  the   total  amount  of   protcid*   Rn 
method  is  employed,  nam.:,    precipitate  the  milk  wit]  ^lists 

according  to  the  modification  ••!  by  Munk.1    He  precipitates all 

the  protetds  by  means  of  cupric  hydrate  at  boiling  heat,  and  determines  the 
nitrogen  in  the  precipitate  by  means  of  Kiki.dahi.s  method.  This  modi- 
fication gives  exaeter  results. 

The  older   method    of   E*ULS   and   SteNBEKO,    where   the   prfH'ipitaat  » 
I'd.   ig  too  complicated  and   not  sufficiently  reliabl  N  l*9 

I  a  very  good  method.      i  four  grams  of  milk  are  dil 

with  an  equal  volume  of  water,  n   little  common-salt  solution  added,  «« 
precipitated  with  an  excess  of  tannic  acid.    The  precipitate  is  washed *Ja« 
sold  water,  and  then  the  quantity  of  nitrogen  determined  by  K 
method.     The  total  nitrogen  four  '•?  (caseii 

laol albumin  contain  both  15.7  per  cent  nitrogen)  gives  the  total  quanti 

froteids.    Tins  met h  i  is  readily  performed, |  od  resold 

.  IfuNR  used  this  method  iii  the  analysis  <>f  v.  -  cart 

the  quantity  of  nitrogen  found  must  be  multiplied  by  6.34.  'h** 

found  that  the  precipitation  with  tannic  acid,  also  with  phoephotnftJV1 

1  Rit.t.hnuwn,  Journ.  f.  prnkt.  Cbetn.  (N.  P.),  16;  Landwehr,  foot-note  4,  p -5'I 
IVchfirnp,  Bull         ■    ohtm.  (31,  R. 

7  Hitthmiflcn,  1.  c ;    I    Munk,  Vircnow's  Arch.,  13-i. 

1  Fate,  PflQsjer'fl  Arch  ,  13:  Stenherg.  Maly'fl  Jnhresbor.,  7;  Sebelica,  Zdtrhr.  t 
phyMol  Chan.,  13:  Simon,  ibid    33. 
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is  the  simplest  ami  most  accurate.     The  objection  to  this  and  other 
where  the  proteids  are  precipitated,  ■  that  peri  be?  bodies 

actives)  may  be  carried  down  at  the  eame  time  (Camerer  and  Sold- 
undecided  to  what  extant  this  takes  place* 

A  part  of  the  nitropon  irj  the  milk  exists  as  extractives,  and  this  nitrogen  is 
calculated  as  the  difference  between  the  total  nitrogen  and  the  protein  nitrogen. 

ling  t«»  Mink's  analyses  ahout  j'g  of  the  total  nitrogen  belongs  to  1 1 . 
tractives  in  cow's  milk,  and  fr  in  woman's  milk.     Camerbu  and  SdLDJntR 

the  nitrogen  in  tna  t.lt r.-»t«*  : r. . 1 1 i  the  tanmo-add  precipitate  by  Kjkldahl's 
mpthod,  and  aLso  according  t<>  Hiivf.r's  method  (hypobromite).     In  thi- 
they  found  18  milligrams  of  nitrogen  according  to  HCfner  (urea,  etc)  in  100 
grams  of  cow's  milk. 

To  determine  the  casein  and  aUmmin  separately  we  may  make  use  of 
the  method  Bart  suggested  by  Hoppb-8cxlkb  ami  Tolmatscheff,1  Kb 
which  the  casein  is  precipitated  by  magnesium  sulphate.  According  to 
Sebklii  n.  the  milk  n  diluted  with  its  own  volume  by  a  saturated  mag- 
nesium-sulphate solution,  then  saturated  with  the  salt  in  substance,  and 

and  washed  with  a  saturated   magnesium- 
aulpo  ogen  b  determined  in  the  Kjel- 

dahl's  method,  and  the  «jnaiit it %-  of  casein  (+ globulin)  determined  by 

8 27.      1  ty  of  hii  inJlmmin  may  be  cul- 

culatcd  as  the  differen  he  casein  and  the  tota  ound. 

The  lactalbumin  may  also  be  precipitated  by  tannio  add  from  the  (Strata 
from  the  casein  precipii  itaining  MgSO^  after  diluting  with  wi 

the  nitrogen  determined  by  KlELDAHl/a  method  and  the  result   mnlli- 
by  0.37 

•  \  3  suggests  an  alum  solution,  which  precipitates  the 
In  order  to   separate  the  casein  from  the   other  protoids,  the   albumin 
can   be  precipitated  from   the  filtrate  by  tannic  The  precipitate  ie 

used  to  deten  nitrogen  by  Kjeldahl's  method.    Thai  method  has 

recently  been  tested  by  Si\n>v  and  lie  recommends  it  highly. 

The  fat   is   gravimetrica!  i  mined    by   thoroughly   extracting   the 

dried  milk  with  ether,  evaporating  the  ether  from  the  extract,  and 
the  residue.    The  fat  may  be  determined  by  aerometric  means  by  a- 
alkali  to  the  milk,  shaking  with  ether,  and  determining  ti  i  gravity 

of  the  fat  solution  by  means  of  SoXH&BT'fi  apparatus.     In  del  g  the 

amount  of  fat  in  a  large  number  of  samples  the  laetocrif  of  1)  may 

;         ed  with  I  in  I    e  milk  is  first  mixed  with  an  equal  volume  of  a 

ire  of  glacial  acetic  rent rated  sulphuric  acid,  warmed  7-8 

minutes  on  the  water-bath,  and  the  mixture  poured  in  graduated  tubes,  which 
are  placed  in  the  centrifugal  machine  at  Kr  C  I  the  laye 

fat  gi-  |  lantity.     Ine  numerous  and  very  exact  analyses  of  Nil  - 

i  thai  with  milks  contaii  all  quantities  of  fat,  below 

08  are  unnecessary,  I  'his  method 

excellent  results  if  we  use  lactic  acid  treated  with  5  per  cent  hydrochloric 


»  Zeitachr.  f.  Biologic.  33  and  Sn. 
'Hoppe-Seyler,  HecL-cham.  Cntenraoh.,  272. 
*  Zeitcchr   I.  pi  MB.,  22. 

•Sec  Maty'*  Jahresl..r  ,  21. 
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acid  instead  of  the  above  mixture  rf  glacial  acetic  acid  and  sulphuric 

meroufl  other  methods  for  estimating  milk-fat  but  they  cannot 
he  1  here. 

In   determining  the  milk-sugar  the  proteids  are  first  removed.    For 
this  purpose  we  precipitate  ehhec  with  alcohol,  which  n  .•vapnratel 

from  the  filtrate,  or  by  diluting  with  water,  and  removing  n  by 

the  of  a  little  ac  d,  and  the  lactalbumiu  by  coagulation  at  tailing 

heat.  The  sugar  is  determined  by  titration  with  Fkhi 
solution  (.-.c(  liapi.T  X\).  The  principle  of  tl:e  titration  B  the  same  as  fo 
the  titration  of  BUgar  in  the  urine:  10  v.  c.  of  Fkhi.i.no  's  solution  eornvpood 
to  0,0876  gram  of  milk-sugar;  10  c.  b.  of  Knapp'b  solution  uoimpi 
0.0311-0.0310  gram  of  milk-augar,  when  the  saccharine  liquid  contains  about 
$-1  per  cent  of  sugar.  In  regard  t<i  the  modus  optnmiii  of  the  titration  we 
must  refer  the  nailer  to  more  complete  work*  and  to  Chapter  XV. 

Instead  of  these  volumetric  determinations  other  methods  of  estima- 
tion, such  as  Aixihn's  method,  the  polariscope  method,  and  others,  may 
be  used.  In  calculating  the  analysis  or  in  determining  the  solids  ir 
importance  to  remember,  as  suggested  by  Camerer  and  Soldner,  that  the 
milk-sugar  in  the  residue  is  anhydrous.  Many  other  methods  for  determin- 
ing tho  milk-sugar  have  been  suggested  and  recommended. 

The  quantitative  composition  of  cow's  milk  is  naturally  very  variable. 
The  average  obtained  by  Koniq  *  is  as  follows  in  1000  parts: 


Wmter. 

871.7 


BoHda 

128.3 


C-Metii. 

30.2 


Albumin. 

5.3 


FrnXn. 

36.9 


Bo*b. 

•ts  s 


35.5 


The  quantity  of  mineral  bodies  in  1000  parts  of  cow's  milk  is,  according 
to  the  analyses  of  BflLDNTO,  as  follov  •  1.72,  Na,0  0.51,  CaO  1.93, 

MgO  0.20,  P,04  1.S2  (after  correction  for  the  pseudonuclein),  CI  0.08 grams. 
BUNQB1  found  0.0035  gram  Fe,0,.  According  to  BOlDKBB,  the  K.  Xa. 
ami  CI  are  found  in  the  Bame  quantities  in  whole  milk  as  in  inilk-flenm 
Of  the  total  phosphoric  acid  36-56  per  cent  and  of  the  lime  53-72  percent 
is  not  in  solution.  A  part  of  this  lime  is  combined  with  the  Baaefaj 
remainder  is  found  united  with  the  phospta  I  as  a  mixture  of  dicaJ- 

cimn  and  tricalciuin  phosphate,  which  is  kept  dissolved  or  suspended  by  the 
casein.  The  bases  are  in  excess  of  the  mineral  acids  in  the  milk-serum 
The  excess  of  the  first  is  combined  with  organic  acids,  which  correspond 
to  2.5  p.  m.  citric  acid  (Soi.unik). 

The  gases  of  the  milk  consist  chiefly  of  00„  besides  a  little  N  and  trace* 
of  O.     PflCokr  *  found  10  vols,  per  cent  COa  and  0.6  vol.  pt 
calculated  at  0°  C  and  760  nun.  pressure. 

The  variation  in  the  composition  of  cow's   milk  depends  on  ■ 
circumstances. 


1  Chemie  der  menschlichen  X aiming*-  und  Genuaunittd,  4.  Aud. 

*  Zeitochr.  f.  Biologic,  10. 

•  Pfluger'a  Arck,  t. 
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The  colostrum,  or  the  milk  which  is  secreted  before  oal  the 

tew  days  After,  is  yellowish,  BOmetfrnea  alkaline,  hut  often  acid,  of 
higher  sf>ccific  gravity,  1 .046-1 .080,  and  richer  in  solids  than  ordinary 
milk.  The  colostrum  contains,  besides  fat-globules,  an  abundance  of 
'  nun-corpuscles — nucleated  granular  cells  0.005-0.025  DUO.  in  diam- 
eter with  abundant  Eafc-grannlcB  and  fat-globules.  The  fat  of  colostrum 
has  a  somewhat  higher  melting-point  and  is  poorer  in  volatile  fatty  acids 
than  the  fat  from  ordinary  milk  (Nii.son  ').  The  quantity  of  cholesterol  and 
'.in  is  generally  greater.  The  most  apparent  difference  between  it 
and  ordinary  milk  is  that  colostrum  coagulates  on  heating  to  boiling  because 
of  the  absolute  and  relatively  greater  quantities  of  globulin  and  albumin 
it  contains.1  The  composition  of  colostrum  is  very  variable.  Konk;  gives 
as  average  the  following  figures  in  1000  parts: 

W*t«r.  SolkU.  CWin.    Albumin  tad  Globulin.       Fat.  Sugar.  SolU. 

746.7  253.3  40.4  138.0  35.9  26.7  15.6 

The  influence   which  food  exercises  upon  the  composition  of  milk  will 
be  discussed  in  Connection  with  the  chemistry  of  the  milk  secretion. 

In  the  following  table  is  given  the  average  composition  of  skimmed  milk  and 
certain  other  preparations  of  milk: 

W»*«r.  Proteid*.  F»i.  Sugar.  luetic  Acid.  Salt*. 

Skimmed  milk 006.0  31.1  7.4  17.5        ...        7,1 

Cream 655.1  36.1  267.5  35.2         ...         6.1 

Buttermilk 902  7  40.6  9.3  37  3        3.4         ft. 7 

932.4  8.8  2.3  47.0        3.3         6.5 

KoafcTBB  and  araxB  an  >l>tained,  as  above  stated,  by  the  alcoholic  and  laetic- 
add  I  Lion  of  the  milk-sugar,  the  first  from  mare's  milk  mid  the  hist  from 

quantities  of  carbon  dioxide  an  formed  thereby,  and  besides 
roteid  bodies  at  the  milk  are  partly  converted  into  proteoses  and  pep' 
ease  the  digestibility.    I  of  laetic  acid  in  these  prepan 

may  be  about  10-20  p.  m.    The  quantity  of  alcohol  varies  from  10  to  35  p.  m. 

Milk  of  other  Animal*.     GoaVs   milk  has  a  more  yellowish  color  and  another 
more  specific  odor  than  cow's  milk.     The  OOSgahUD  obtained   by  acid  <>r  r. 
is  more  solid  and  is  harder  than  that  from  cow's  milk.     Sheei-'s  milk  is  similar 
kt's  milk,  but  has  a  higher  specific  gravity  and  contains  a  greater  art 

|fanf/l  milk  is  alkaline  and  contains  a  casein  which  is  not  pn  by 

acids  in  lumps  or  solid  masses,  but,  Hke  the  casein  from  woman's  milk,  ii. 
flakes.    This  casein  is  only  incompletely  precipitated  bj   rennet,  and  il  it  very 
similar  also  in  other  respects  to  the  casein  of  human  milk.     According  to  Pkii.,' 
the  casern   from  mare's  and  cow's  milk  is  the  same,  and  the  different 

two  varieties  of  milk  a  due  to  different  amounts  of  salts  and  to  a  din 

isein  and  the  albumin.    The  milk  of  the  aas  is  claimed 
by  older  authorities  to  be  similar  to  human  milk,  but  Schlossmann  finds  it  coo* 

•  Nilson,  1.  c 

'See  Hebelicn.  Maly's  Jahresber.,  18,  and  Tiemann,  Zeitechr.  f.  phvsioL  Chan., 

See  also  Simon.  Slid.,  33. 
1  Studies  uber  die  Fiweissstoffe  das  Kumys  und  Kefirs.    St.  Petersburg,  1886. 
(Ricker) 
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aiderably  poorer  in  fat.  The  researches  of  Ellenbf.ro.br  give  similar  remits, 
and  show  great  similarity  between  ass's  milk  and  human  milk.  The  average 
(.••-nil.-  were  15  p.  m.  proteid  with  5.3  p.  iii.  allium:  Tau 

latter,  like  human  casein,  does  nut  yield  any  {*»eudouuclein  on  pepsin  dip- 
Tlie  quantity  of  undoon  was  ahotit  the  same  as  in  woman's  milk.     Th 
of  fat  was  15  j>.  m.,  and  the?  sugar  waa  50-<y0  p.  DL     Reindeer  milk  <haracteriaei 
itself,  MCOrdilUj  to  VYkkenskjold,1  by  being  very  rich  in  fat,  144.6-197.3  p.  m., 
and  casein,  SO.U-Sn.'J  p.  rn. 

The  milk  of  ckrviviuia  (the  bitch  and  cat)  is  aeid  in  reaction  and  very  rick 
in  solids.     The  OOOQ  OB  Of  the  milk  of  these  animals  varies  with  the  compo- 

sition of  the  food. 

Tb  illustrate  the  composition  of  thp  milk  of  ut  her  animals  the  following  figures, 
the  Compilation  <»f  KiWio,  are  given.  As  the  milk  of  each  kind  of  aiiimnf  may 
have  a  variable  eomjK'sition,  these  figures  should  only  be  considered  as  erwrtT^* 
of  the  composition  of  milk  of  various  kinds:1 

Milk  of  lite                            Water.  Solids.  Pruteids.        Fat  Sugar.  Salt.. 

Dog 75-11  21".  0  99.1  0.-..7  gl.f  7.3 

Cat 816.3  183.7  90.8         33.3  49.1  5.8 

Goat. 869.1  180.9  3fi  o        10.9  44.5  8.6 

Sheep 835.0  165.0  57.4         61.4  39.6  6.5 

Cow 8717  128  3  35  5         36.9  48.8  7.1 

Horse. 900.6  99.4  18.9         10.9  61 

Ass 900.0  100.0  21.0         13.0  <  30 

Pig                           .823.7  167.3  60.9         64.4  10  4  10.6 

Elephant 678.6  321.5  30.9  195.7  88.4  6.5 

Dolphin ISO .7  513 .3  137 .0  ....  4.6 

Human  Milk. 

Woman's  milk  is  amphoteric  in  reaction.  According  to  Coun 
reaction  is  relatively  more  alkaline  than  cow's  milk,  but  has  nevertheless* 
lower  absolute  reaction  for  alkalinity  as  well  as  acidity.  Courant  found  be- 
tween the  tenth  day  and  the  fourteenth  month  after  confinement  practically 
constant  results.  The  alkalinity,  as  well  as  the  acidity,  was  a  i 
than  in  childbed.  One  bundled  0.  C.  <»f  the  milk  had  the  same  average 
alkalinity  as  10. S  e.  e.  X  .'111  caustic  Soda,  Bad  the  -ame  acidity  as  "J  i 

N/10  BOid,    The  relationship  between  the  alkftlinll  the  add 

an*!  milk  was  as  3:1,  and  in  cow's  milk  as  2.1:1. 

Human  milk  also  contains  fewer  fat-glob  ule.s  than  row's  milk,  lv 
are  larger  in  size.     The  specific  gravity  of  woman's  milk  varies  Ik  ; 
1026  and  1038,  generally  between  1028  and  L034.    It  is  highest  in  wll- 
fed  and  lowest  in  poorly  fed  women.      The  freezing-point  ,  i  on 

an  average  0.589°  C.  and  the  moleouhu  concentration  is  0.318. 

lie-  fat  <.f  woman's  milk  has  been  investigated  by  Ruppsl.    It •■■ 
yellowish-white  mass,  similar  to  ordinary  butter,  having  a  speci 
of  0.966  at  15°  C.    It  melts  at  34.0°  C.  and  *  tidifies  at  20.2°  C.    The  I 
ing  fatty  adds  ran  he  obtained   from   the  fat,   namely,  butyric,  r&pp1*' 

'Schlossmann,  Zeiiachr.  f.  physiol.  Chem.,  22;  Kll.-nberger,  Arch.  f.  (Anat  n> 
Physiol,  1899  and  1902;  Waraaaldold,  M  lily's  Jahresber  ,  25. 

iils  in  n'gard  to  the  milk  of  different  animals  may  be  found  in  Pttata 
Zeitschr.  f.  physioi.  Chun.,  24;  Abdorhalden,  (bid.,  27. 
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capric,  rnyrist.il •,  palmitic,  stearic,  and  oleic  acids.  The  fat  from  woman's 
milk,  is,  according  to  Rrrrix  and  Laves/  relatively  poor  in  volatile  fatty 
adds.  The  non-volatile  fatty  acids  consist  of  one-half  oleic  acid,  -while 
among  the  p  y   acid*  myristic  and  palmitic  acids  are  found  to  a 

gn  nt  than  stearic  a< 

The  essential  qualitative  difference  bdlWOOO  woman's  and  cow's  milk 

seems  to  lie  in  the  protcids  or  in  the  more  accurately  determine!  ra.seia. 

uriber  of  older  and  younger  investigators  '  claim  that  the  casein  from 

ian!s  milk  DBS  other  propcrlits  than  that,  from  cow's  milk.  The.  essen- 
tial differences  are  the  fulli.wing:  The  casein  from  woman's  milk  is  preeipi- 

!  with  greater  difficulty  with  acids  or  salts;  it  docs  not  coagulate  regu- 
larly in  the  milk  after  the  addition  of  rennet;  it  may  he  precipitated  by 
ga  [fie,  but  dissolves  completely  and  easily  in  an  excess  of  the  same; 

B&Bam  precipitate  produced  by  an  acid  is  more  easily  soluble  iu  an  excess 

Pof  thfl  a< 'id;  and  lastly,  the  clot,  formed  from  the  casein  of  woman's  milk 
does  not  appear  in  such  large  and  coarse  masses  as  the  casein  from  en 
milk,  but  is  more  loose  and  flocculent.  This  last-mentioned  fact  is  of  great 
importance,  since  it  explains  the  generally  admitted  fact  of  the  easy 
ility  of  the  casein  from  woman's  niilk.  We  are  not  clear  as  to 
difference  between  the  digestibility  of  the  cow's  casein  and  human 
casein,  as  the  first  seems  to  be  utilized  in  the  intestinal  tract  of  the  i 
to  the  same  extent  as  human  casein  (1\  M  III  Kit.  RUBKER  and  IIkuunkr5). 
The  question  as  to  whether  the  above-mentioned  differences  depend  on 
a  decided  difference  in  the  tw  i  or  only  on  an  unequal  relationship 

between  the  ossein  and  the  salts  in  the  two  kinds  of  milk,  or  upon 
enouxnstancea,  baa  not  been  decided  as  yet.     A 

from  human  milk  does  not  yield  any  pscurlonuclein  on  peptic  diges- 
jn,  and  henee  i1  cannot  be  a  nucleoalbumin.     Wiiuulkwsky  lias  recently 
arrived  at  the  same  n  and  also  has  found  that  the  two  caseins  had 

a  different  composition.  He  found  the  following  for  the  composition  of 
casein  from  woman's  milk:  C  52.24,  II  7..TJ.  X  1 4.07.  I'lUiS,  SI  117  percent, 
rding  to  KonrtvK.1  woman-  casein  yields  some  pscudonuclein,  and 
with  repeated  solution  in  alkali  and  precipitation  by  an  acid,  ii  1.  comes 
more  anil  more  like  cow's  casein.     He  therefore  suggests  the  possibility 


*  Ruj»i*l.  ZiiJ-dir   r.  ltir>logie,  31;  Laves,  Zeitachr.  f.  physio)   Chem  ,  18. 
>B«t  liiedert,  I'ntersuchungen  fiber  die  chemiaehen  T'nterschiede  der  MrnBchen- 

und  Kuhmitrli    Stuttgart),  1HH4;    I^anggaard,  Yirchow's  Arch.  C5;    Makris.  Studien 

Gber  i  ik&rper  den  FnuMo>  und  Knhmilrh     Inaug.-DlM,    Btnubvrg,  1876. 

*  Muller,  Zeitachr.  f    Hiolo^ic,  39;   Huhner  and  Heuhn«*r,  QruL,  37 

ontagh,  Maly'a  Jahrcaber.,  22;  Wrohlewsky,  "  I  lei  t  rage  zur  KcnntnUsc  des 
Fraucnkaseins"  (Inaug.-Dias.,  Bern,  1894),  and  "Kin  neuer  ein-euMartiger  Bestand- 
thefl  dcr  Milch."  Anzeiger  der  Akad.  d.  Wiaa.  in  Krakau,  1898;  Kobrak.  Pfluger's 
Arch..  80. 
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that  woman's  casein  is  a  compound  between  a  nucleoalbumin  and  a  basic 
pmteid. 

Woman's  milk  also  contains  lactalbumtn,  besides  the  casein,  and  a 
protein  substance,  very  rich  in  sulphur  (4.7  per  cent)  and  relatively  poor 
In  carlnm.  Which  WstiaUBWOCf  rails  oyalisin.  The  statements  as  to  lie 
OO0UINI1OC  "f  proteoses  and  peptone  an  disputed  as  in  many  other  rasa. 
No  positive  proof  as  to  the  occurrence  of  proteoses  and  peptone  in  fresh 
milk  has  been  given. 

n  after  those;  differences  are  eliminated  which  (leper. ■'. 
.iytical  methods  employed,  the  quantitative  corn-position  of  uvman't 
milk  is  variable  to  such  an  extent  that  it  is  impossible  to  give  any  avenge 
result-.     The   recent  analyses,   Specially   those,   made  on   a  lalg 

imples  by  Pfeiffer,  Adkiance,  Cambreh  and  SOLDHBB,1  have  posi- 
tively shown  that  woman's  milk  is  essentially  poorer  in  ptotdds  but  richer 
in  sugar  than  cow's  milk.  The  quantity  of  proteid  vari«>s  between  10-20 
p  BL,  dftao  amounting  to  only  15-17  p.  m.  or  less,  and  is  dependent  upon 
t!i«'  length  of  lactation  (see  below).     The  quantity  of  fat  also  varu- 

r.ihlv,  hut  ordinarily  amounts  to  30-40  p.  m.  The  quantity  of  sugar 
should  not  be  below  50  p.  m..  but  may  rise  to  even  80  p.  m.  About 
60  p.  m.  may  be  considered  as  ail  average,  but  it  should  hi  boOB  in 
mind   that  the  quantity  of  sugar  is  also  dependent  ujnn  th>-  lengl 

■Hon,  as  it  increases  with  duration.  The  amount  of  mineral  bodies 
varies  between  2  and  4  p.  m. 

From  a  quantitative  standpoint,  the  most  essential  differences  betwwt 
woman's  and  cow's  milk  are  as  follows:    As  compared  with  the  qua 
of  albumin,  the  quantity  of  casein  Is  not  only  absolutely  but  also  rria 
smaller  in  woman's  milk  than  in  row's  milk,  while  the  latter  is  poorer  in 
milk-suL'ar.     Human  milk  Is  richer  in  lecithin  at  least  relative  to  the  ft] 
of  proteid.      Bt  BOff   found  0  49-0.58  p.  m.  Iceith'm  in  cow's  mi  k  and  0.5S 
p.  m.  in  woman's  milk,  which  corresponds  to   1.40  per  cent  foi 
milk  and  3.05  per  cent  for  the  sec  I  on   tin 

proteid.     The  quantity  of  nucleoli  is  greater  in  woman's  rnilk. 
to  WirT\n\cK  cow's  milk  contains  0.50(5   p.  m.  nucleon,  and  mi 
milk  1.24  p.  m.      Siegfried*  finds  that  the  nnoleon  phosphorus  an. 
to  6.0  per  cent  of  the  total  phosphorus  in  cow's  milk  and  41.5  per  ■ 
woman's   milk,  and   also  that  in  human  milk  the  phosphorus  is  nearly 


•  Pfeiffer.  Jahtb.  f.  Ktnderhailkunde,  20,   :il«»  Maly'K  Janmber..  13 
and  J    AdfUoaoe,  A  Clinical  Report  of  the  Chemical  Rxaminatl  Vrdw11*1" 

Pedi.-tt  j'h  (nmerer  and  STJdner,  Zoitsohr.  f.  Biokgle,  XI  and  1  rtf"^ 

.rnposition  of  woman's  milk,  see  alao  Rial,  Mnly's  Jahr»r»i  r      I 
ibid  ibid.,  12;  Gexber,  Bull.  soc.  Chim.,  23;  TolmntechdT.  H<H*" 

i  I  iit.trsuch..  272. 

'  JJurow,  Zeit&chr.  f.  phyaiol.  Chem.,  30;   Wittmaack,  ibid.,  22;  Si.^friod, 
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entirely  in  organic  combination.  Woman's  milk  is  poorer  in  mineral 
bodies,  especially  lime,  and  it  contains  only  one-sixth  of  the  quantity  of 
lime  as  compared  with  cow's  milk.  Human  milk  is  claimed  to  be  also 
poorer  in  citric  acid  (Scheide  *),  although  this  is  not  an  essential  difference. 

Another  difference  between  woman's  milk  and  other  varieties  of  milk  is  Umi- 
kojt's   reaction,  which   seems  to  depend   upon   the  quantitative  compo: 

especially  the  r<  1 1 1  i  on  I '     (hi  milk-sugar,  citric  acid,  lime,  and  iron  (Sijcbkh.7) 

reaction  consists  in  treating  S  e.  C.  of  woman's  milk  with  2.5  c.  c.  ammonia 
(10  per  cent)  and  heating  to  (50°  C.  for  1.5-20  minutes,  when  the  mixture  becomes 
violet-red.     Cow's  milk  gives  a  yellowish-brown  color  when  thus  treated. 

According  to  Rubnek  woman's  milk  contains  about  3  p.  m.  soaps,  but  this 
could  not  be  substantiated  by  Caukkkk  end  Siu.nvr.R.  Arrording  to  them 
woman 's  milk  contains  no  soaps,  or  at  least  only  very*  small  amounts.  They  also 
found  the  quantity  of  urea  nitrogen  in  woman's  milk  to  be  0.11-0.12  p.m., 
although  Schondobit  *  found  nearly  twice  this  amount,  namely  0.23  p.  m. 

In  regard  to  the  quantity  of  mineral  bodies  in  woman's  milk  we  have 
the  analyses  of  several  investigators,  especially  of  Btjnge  (analyses  A  and 
B)  and  of  Soldner  and  Ca.mer.kh  (analysis  C  ').  Bunoe  analyzed  the 
milk  of  a  woman,  fourteen  clays  after  delivery,  whose  diet  contained 
very  little  common  salt  for  four  days  previous  to  the  analysis  (A),  and 
again  three  days  later  after  a  daily  addition  of  30  grams  gf  XaG  to  the  food 
(B).    The  figures  are  in  1000  parts  of  the  milk: 

ABC 

K,0 0780  0.703  0  884 

Na.0 0.232  0.257  0.357 

CaO 0.328  0.343  0  378 

MgO 0.0(54  0.065  0.053 

0.004  0.006  0.002 

0.173  0.469  0.310 

0.438  0.145  0.591 

The  relationship  of  the  two  bodies,  potassium  and  sodium,  to  each  other 
may,  according  to  Bunge,  vary  considerably  (1.3-4.4  equivalents  of  potash  to 
1  of  soda).  By  the  addition  of  salt  bo  the  food  the  quantity  of  sodium  and 
chlorine  in  the  milk  increases,  while  the  quantity  of  potassium  decreases. 
De  Laxge  found  mure  Na  than  K  in  the  milk  at  the  beginning  of  lacta- 
tion. Jolles  and  Fiuedjung  6  found  on  an  average  5.9  milligrams  of  iron 
per  liter  of  woman 's  milk. 

The  gases  of  woman 's  milk  have  been  investigated  by  Kolz."    He  found 


•  Maly's  Jahreaber.,  21. 
•Zeitschr.  f.  physiol.  Chem.,  30. 

3  Itubner,  Zeitschr.  f.  Biologic,  36;   Camerer  and  Soldner,  ibid.,  39;   Schondorff, 
PflQger's  Arch.,  81. 

'  Hinge,  Zeitwhr.  f.  Riologie,  10;  Camerer  and  Soldner,  ibid.,  39  and  II 

*  De  Lange,  Maly's  Jahresber.,  27;  Jolles  and  Fried jung,  Arch.  f.  exp.  Path.  u. 
Pharm     16, 

■  Zeitechr.  f.  Biologie,  32. 


1.07-1.44  c.  c.  of  oxygen,  2.35-2.87  c.  c.  of  carbon  dioxide,  and  3.37-3.81 
c.  c.  of  nitrogen  in  100  c.  c.  of  milk. 

The  proper  treatment  of  cow's  milk  by  diluting  it  with  water  and  by 
certain  additions  in  order  to  render  it  a  proper  substitute  for  woman's  milk 
in  the  nourishment  of  children  cannot  be  dctcrn  "re  the  diff< 

in  the   proteid  bodies  of    these  two  kinds  of    milk  has  been  compi 

studied. 

The  colostrum  has  a  higher  specific  gravity,  1 .040-1 .0G0.  a  greater  quan- 
tity of  eoagulable  proteids,  And  ■  deeper  yellow  solar  than  ordinary  woman  '.- 
milk.     Even  a  few  days  after  deliver)'  the  color  becomes  less  yellow 
quantity  of  albumin  less,  and  the  number  of  colostrum-corpuscles  dimin- 
ishes. 

We  have  the  older  analyses  of  Clemm  '  and  the  recent  investigations  of 
Pfeiffer,  V.  and  J.  Adriam  i:.  Camerer  and  Soldxkr  on  the  changes  in 
the  composition  of  milk  after  deliver},-.  It  follows,  as  a  unanimous  result 
from  these  investigations,  that  the  quantity  of  proteid,  which  amounts 
to  more  the  first  two  days,  sometimes  to  more  than  30  p.  m.  at  first, 
f  quickly  and  then  more  gradually  diminishes  as  long  as  the  lacta- 
tion continues,  so  that  in  the  third  week  it  equals  about  10-18  p.  m. 
Like  the  protein  substances  so  do  the  mineral  bodies  gradually  decreas 
The  quantity  of  fat  shows  no  regular  or  constant  variation  during  lactation, 
while  the  lactose,  especially  according  to  the  observations  of  V.  and  J. 
A&BIANC1  (120  an  increases  rather  quickly  the  first  days  and 

only  slowly  until  the  end  of  lactation.     The  analyses  of  Pkkipfer,  Camkker 
and  Soldner  also  show  an  increase  in  the  quantity  of  milk-sugar. 

The  two  mammary  glands  of  the  same  woman  may  yield  somewhat  different 
milk,  as  shown   by  Ben  ri»at  and  later  by  BurNSER.'     lib  it-rent 

portions  of  milk  from  the  same  milking  may  have  varying  composition.     The 
first  portions  are  always  jjoorer  in  fat. 

According  to  i.'Hkhitikr,  Vsbmou  and  Bbcquxrel  the  milk  of  blondes  eon- 
tains  I  n  than  that  of  brunettes,  a  difference  which  To  WWW  •  could 
)t  substantiate.     Women  of  delicate  constitutions  yield  a  milk  richer  in  solid*, 
cially  in  rtunin.  than  woman  with  strong  eonstitutioofl  (V.  and  B.). 

ording  to  Vebnois  and  Becquerel,  the  age  of  the  woman  has  an  effect  oo 
i  of  the  milk,  so  that  we  find  a  greater  quantity  of  proteid*  and 
fat  in  women  ire  old  and   a  smaller  quantity  of  sugar.     The  smallest 

quantity  of  proteids  and  the  greatest  quantity  of  sugar  are  found  at  20  or 
25-30  years  of  age.     According  to  V.  and  B     '  be  n  ilk  with  tlu>  first-born  »  richer 
in  water— with  B  proportionate  diminution  of  casein,  sugar,  and  fat — than  after 
several  deliveries. 

The  influence  of  menstruation  seems  to  slightly  diminish  the  milk-sugar  and  to 
considerably  increase  the  fat  and  casein  (V.  and 

•See.  Hoppe-S«\vIer.  Physiol.  Chem.,  784 

'Sourdat,  Compt.  rend.,  71;  Brunner,  Pfluger's  Arch..  7. 

M'Hi'ritier,  cited  from  Hoppe-Seylcr,  Physiol.  Chem.,  738;  Vernon  and  Bec- 
querel, I)u  hut  chez  la  femme  dans  1'etat  de  santc,  etc.  (Paris,  1853);  Tolmataeheff, 
Hoppe-Seyler,  Mod. -chem.  Untereuch.,  272. 
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Witch's  milk  is  the  secretion  of  the  mammary  glands  of  new-born  children  of 
both  sexes  immediately  after  birth.  This  secretion  has  from  a  qualitative  stand- 
point the  same  constitution  as  milk,  but  may  show  important  differences  and 
variations  from  a  quantitative  point  of  view.  Schlossbeboeb  and  Hauff, 
Gubler  and  Quevenne,  and  v.  Genseb  l  have  made  analyses  of  this  milk  ana 
give  the  following  results:  10.5-28  p.  m  proteids,  8.2-14.6  p.  m.  fat,  and  9-60  p.  m. 
sugar. 

As  milk  is  the  only  form  of  nourishment  during  a  certain  period  of  the 
life  of  man  and  mammals,  it  must  contain  all  the  nutriment  necessary  for 
life.  This  fact  is  shown  by  the  milk  containing  representatives  of 
the  three  chief  groups  of  organic  nutritive  substances — proteids,  carbohy- 
drates, and  fat;  and  all  milk  seems  to  contain  without  doubt  also  some 
lecithin  and  nucleon.  The  mineral  bodies  in  milk  must  also  occur  in  proper 
proportions,  and  on  this  point  the  experiments  of  Bungb  on  dogs  are  of 
special  interest.  He  found  £hat  the  mineral  bodies  of  the  milk  occur  in 
about  the  same  relative  proportion  as  they  do  in  the  body  of  the  sucking 
animal.  Bunge  3  found  in  1000  parts  of  the  ash  the  following  results 
(A  represents  results  from  the  new-born  dog,  and  B  the  milk  from  the  bitch) : 

A.  B. 

K,0 114.2  149.8 

Na.0 106.4  88.0 

CaO 295.2  272.4 

MgO 18.2  15.4 

Fe,0, 7.2  1.2 

P.O. 394.2  342.2 

CI 83.5  169.0 

Bxjnge  explains  the  fact  that  the  milk-ash  is  richer  in  potash  and  poorer 
in  soda  than  the  new-born  animal  by  saying  that  in  the  growing  animal  the 
ash  of  the  muscles  rich  in  potash  relatively  increases  and  the  cartilage  rich 
in  soda  relatively  decreases.  In  regard  to  the  amount  of  iron  we  find  an 
unexpected  condition,  the  ash  of  the  new-born  animal  containing  six  times 
as  much  as  the  milk-ash.  This  condition  Bunge  explains  by  the  fact 
founded  on  his  and  Zalesky's  experiments,  that  the  quantity  of  iron  in  the 
entire  organism  is  highest  at  birth.  The  new-born  has  therefore  its  own 
supply  of  iron  for  the  growth  of  its  organs  even  at  birth. 

The  investigations  of  Hugounenq,  de  Lange,  Camerer  and  Soldner  ■ 
have  shown  that  in  man  the  conditions  are  different  from  those  in  animals, 
as  the  ash  of  the  child  has  an  entirely  different  composition  as  compared  to 
the  milk.    As  an  example  the  following  analyses  are  given  (of  Camerer  and 


1  Schlonberger  and  Hauff,  Annal.  d.  Chem.  u.  Pharm.,  96;  Gubler  and  Quevenne, 
cited  from  Hoppe-Seyler's  Physiol.  Chem.,  723;  v.  Genser,  ibid. 

'Zeitachr.  f.  physioL  Chem.,  13. 

'  Hugounenq,  Compt.  rend.,  128;  de  Lange,  Zeitachr.  f.  Biologie,  40;  Camerer 
and  Soldner,  ibid.,  89,  40,  and  44. 
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ner).     (A,  the  ash  of  the  sucking  infant,  and  B,  the  ash  of  the  milk.) 
The  results  are  in  1000  parts  of  the  ash. 

A.  B. 

K,0 78  314 

Na,0 91  119 

CaO 361  I-.  I 

MgO 9 

flap. 8  6 

389  135 

CI 77  9QQ 

We  cannot  therefore  state  as  a  definite  fact  that  the  composition  of  the 
ash  of  tha  sucking  young  and  the  ash  of  the  corresponding  milk  coincide, 
itheless  claims  th.it  the  composition  of  the  ash  of  the  sucking 
young  «>f  various  mammals  Ls  nearly  the  same,  but  that  the  ash  of  the  milk 
differs  from  the  ash  of  the  young  in  bo  far  as  the  slower  the  young  grows 
the  debar  it  is  in  alkali  hlorirles  and  relatively  poorer  in  phosphates  and 
HmnWlTfll  The  constituents  of  the  ash  have  two  functions  to  perform, 
namely,  the  building  up  of  the  tissues  and  secondly  the  prejjaralion  of  the 
specially  the  urine.  The  faster  the  young  grows  the  more  is  the 
first  in  evidence,  while  the  slower  it  develops,  the  second  is  promii: 

The  quantity  of  mineral  bodies  in  ihe  milk,  and  especially  the  amount 
of  lime  and  phosph-  ru  a«  id,  as  shown  by  BUKOI  anil  Proscher  and  P 
stands  in  close  relationship  to  the  rapidity  of  growth,  because  the  amount 
of  these  mineral  constituents  in  the  milk  is  greater  in  animals  which  grow 
and  develop  quickly  than  in  those  which  grow  only  slowly.  A  similar 
relationship  exists  also,  as  shown  by  the  researches  of  Proscher,  and  spe- 
cially of  AtmKHH  ai.^f.n-,1  between  the  quantity  of  proteid  in  the  milk  and 
the  rapid;  velopment  of  the  sucking  young.    The  amount  of  proteid 

b  greater  in  the  milk  the  quicker  the  animal  develops. 

The  influence  of  the  food  on  the  composition  of  the  milk  is  of  interest 
from  many  points  of  view  and  has  been  the  subject  of  many  investigations, 
these  we  learn  that  in  human  beings  as  well  as  in  animals  an 
insufficient  diet  decreases  the  quantity  of  milk  and  the  quantity  oX  solids, 
while  abundant  food  increases  both.  From  the  observations  of  Dm- 
caisxe'  on  nursing  women  during  the  siege  of  Pare  in  1871,  the  amount 
of  casein,  fat,  sugar,  and  salts,  but  especially  the  fat.  was  found  to 
decrease  with  insufficient  food,  while  the  quantity  of  lactalbumin  was  found 
to  be  somewhat  increased.  Food  rich  in  pcoteids  increases  the  quantity  of 
milk,  and  also  the  solids  contained,  especially  the  fat,  according  to  most 

■  Bo^<>.   '-Die    mMbnemfe  fnflliiglMl    <fcr  frwmm  -hr*    Kinder  xu  «akn," 
Miatx-fe-  io«r.  Icswckr  L  Btaio^W,  M. 

Itn,  Uiutka  I  phpwL  Chan,  ft;  AJijhImIijm,  M,  17;   Pagfta,  Arda. 

'<*«*.  fran  &**»£•?*«.  L  c.  7». 
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statements.     The  quantity  of  sugar  in  woman's  milk  is  found  by  certain 
investigators  to  be  increased  after  food  rich  in  proteids,  while  others  claim  it 
is  diminished.     A  diet  rich  in  fat  may,  as  the  recent  researches  of  B09D 
and  many  others  '  have  shown,  cause  a  marked  increase  in  the  fat  of  the 
milk  when  the  fat  par  In  a  readily  digest ii.le  and  assimilable  form. 

The  presence  of  IttgG  quantities  of  carbohydrates  in  the  food  seems  to  00188 
no  constant,  direct  Mtion  OH  the  quantity  of  the  milk-eonstilnent>.:  In 
carni  shown  by  SsrnoTix,*  the  secretion  of  milk-sugar  proceeds 

uninterruptedly  on  a  diet  consisting  exchi: -iv.  ■!■.    of  lean   meat.    Watery 

cives  a  milk  containing  an  excess  of  water  and  having  little  value.  In. 
the  milk  from  cows  which  were  fed  on  distillers'  grain  Comm  mi. if:  '  found 
906.5  p.  dl  water,  26.4  p.  m.  casein,  4.3  p.  m.  albumin.  18.2  p.  m.  fat,  and 

[>.  m.  sugar.  Such  milk  has  sometimes  a  peculiar  sharp  after-taste, 
Mltliniigh  not  nhv:i 

:nj  of  M  tiofk     That  the  constituents  which  occur  actu- 

ally dissolved  in  milk  pass  into  the  secretion  not  alone  by  filtration  or 
diffusion,  but  more  likely  are  secreted  by  a  specific  secretory  activity  of  tin- 
glandular  elements,  is  shown  by  tin-  fa«r  that  milk-sugar,  which  tfl  not 
found  in  the  blood,  is  to  all  appearances  formed  in  the  glands  the 
A  farther  proof  lies  in  the  fact  that  the  lactalbumiu  is  not  identical  with 
seralbumin;  and  lastly,  as  Bdzkh  b  has  shown,  the  mineral  bodies  accreted 
be  milk  are  in  quite  different  proportions  from  those  in  the  blood- 
sen  no 

Little  is  known  in  regard  to  the  formation  and  secretion  of  the  specific 
mta  of  milk.     The  older  theory,  that  the  casein  was  produced  from 
the  laetalhumin  by  the  action  of  an  enzyme,  is  incorrect   and  originated 
probably  from  mistaking  an  alkali-alhuminate  I  D,     Better  for 

L-  the  Btatemenl  that  the  casein  originates  from  the  protoplasm  of  the 
gland-cells.     Tliere  does  not  seem  to  be  any  doubt  that  the  protoplasm  of 

rakes  part  in  the  secretion  in  such  a  manner  that  it  beoomCB 
a  constituent  of  the  secretion,  and  this  also  agrees  with  Ih  idkniiain's7 


1  See  Maly'a  Jahresber.,  2(5.     See  also  Hasch,  Ergebniase  der  Physiologic,  2,  Abt,  I. 
1  In  regard  to  the  literature  on  the  action  of  various  foods  on  woman's  milk,  see 
ZaJer-1  <1m-  Einwirkung  der  Nahrung  auf  die  Zu.satnmensetsung  und  N'ahr- 

hjiftij;k<'it  da  I'rauenmilch,"  Herlin.  klin.  Wnchenschr,  1888,  which  also  contain**  the 
tftun  on  the  importance  of  diet  on  the  composition  of  other  kinds  of  milk.     In 
regard  to  the  extensive  literature  on  the  influence  of  various  foods  on  the  milk  pro- 
<n  of  animals,  see  Konig.  (  In  m  i  menschl.  Nabrungs-  und  Genuaamittei,  3.  Aufl., 
1,  208.     See  also  Maly'a  Jahresber,  20,  30,  31. 
ntrsIM   f.  d.  raed.  Wissonsch.,  1866,  337. 
'Cited  from  Konig,  2,  235. 

i  :ily's  Jahresber.,  25. 
•  Lehrbuch  d.  phyaiol.  und  pathol.  Chem.,  3.  Aufl.,  03. 
'Hermann's  Hundbuch.  5,  Teil.  1,  380- 


views.  According  to  Rasch  'a  '  researches  the  casein  is  formed  in  Uie 
mammary  gland  by  the  nucleic  acid  of  the  nucleus  being  set  free  and 
uniting  intraalveolar  with  the  transudated  Benun,  thus  forming  a  nucleoalbu- 
min.  in;  but  strong  objections  can  be  presented  to  such  a  \ 

That  the  milk-fat  n  produced!  by  a  formation  of  fat  in  the  protoplasm, 
and  that  the  fat-globules  are  set  free  by  their  destruction,  is  a  generally 
admitted  opinion,  which,  however,  does  not  exclude  the  possibility  that 
the  fat  is  in  part  taken  up  by  the  glands  from  the  blood  and  eliminated 
with  its  secretion.    That  the  fats  of  the  food  can  pass  into  the  miJk  follow? 
From  the  in\<*ti<i:itioits  of  WiNTiiimiTZ,  as  he  has  been  able  to  detect  the 
passage  of  iodized  lata  in  the  milk.    Jantzex  has  ahown  that  after  feeding 
iodized  casein,  the  milk-fat  of  goats  contained  a  little  iodine,  which  indicates 
that  the  iodized  milk-fat  could  also  have  a  different  origin.    Even  if  the 
casein  was  entirely  free  from  fat,  these  observations  do  not  seem  to  modif;. 
f    the    investigations    of  Wintf.knitz  and    others  (Capari, 
Paraschtschuk  2).     The  abundant  quantities  of  iodized  fat  which  were 
eliminated  with  the  milk  in  the  last-mentioned  case  without  doubt  depend, 
at  least   in   urri-at  part,  upon  the  iodized  fat  of  the  food;  but  it  cannot  L»c 
said  that  all  of  the  milk-fat  containing  iodine  was  unchanged  iodiz<- 
of  the  food.      The  investigations  of  Siwmiani  and  DaDDI,  PARASCHTSCm k 
and  i   e  passage  of  foreign  fats  into  the  milk  indicate  the  pasASf 

of  the  hit  of  the  food  into  the  milk,  although  we  are  still  uncertain  on  this 
point.  According  to  Soxhlkt  the  fat  of  the  food  does  not  pass  into  the 
milk  directly,  but  is  destroyed  in  place  of  the  body-fat,  which  then  becomes 
available  and  is,  as  it  were,  pushed  into  the  milk.  Henriques  and  Ho- 
1  could  not  detect  any  mcmionable  quantity  of  linseed -oil  in  the  milk 
after  feeding  with  this  oil;  the  milk-fat  mi  not  normal,  but  had  a  higher 
iodine  equivalent  and  a  higher  melting-point,  from  which  they  also  concluded 
that  a  transformation  of  the  food-fat  in  the  glandular  cells  is  possible. 
As  a  formation  of  fat  from  carbohydrates  in  the  animal  organism  is  at  the 
pres<  idered  as  positively  proved,   it   is  likewise  possible  tW 

the  milk-gland.s  also  produce  fats  from  the  o&rbohydratei  brought  to  theffl 
by  the  blood.  It  n  a  well-known  fact  'hit  .in  animal  gives  off  for  a  loop 
time,  daily j  considerably  more  fat  in  the  milk  than  it  receives  as  food,  ^ 
tibia  prove*  that  at  least  a  part  of  the  fat  secreted  by  the  milk  is  produced 
from  proteida  or  carbohydrates,  or  perhaps  from  both.  The  q\v 
as  to  bow  far  this  fat  is  produced  directly  in  the  milk-glands,  or  from 


1  Jahrbueh  f.   Kin<J.rhcilkundo,   1806 

1  Winu-rrritx,  Zoitachr.  f.  phyeiol.  Ghflm.,  24;  Jantcen,  Cen'tralbl.  f.  Physiol,  I' ; 
Caspari,  Arch.  f.  (Anat.  u.)  Physiol.,  1898.  Bupplbd  ,  Paraachtsehuk.  Chan.  C«°" 
tralbl.,  1903,  1. 

1  Spam  pan  i  and  Paddi,  Maly'a  Jahrofth«r.,  2fi;  Hcnriquea  and  Hansen.  4k/.," 
See  also  Daacht  Ergebnisse  d.  PhyaioL,  2,  Abt.  I. 
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organs  and  tissues,  and  brought  to  the  gland  by  means  01  the  blood,  can- 
not be  decided. 

The  origin  of  milk-sugar  is  not  known.  Muntz  calls  attention  to  the 
fact  that  a  number  of  very  widely  diffused  bodies  in  the  vegetable  king- 
dom— vegetable  mucilage,  gums,  pectin  bodies — yield  galactose  as  prod- 
ucts of  decomposition,  and  he  believes,  therefore,  that  milk-sugar  may 
be  formed  in  herbivora  by  a  synthesis  from  dextrose  and  galactose.  This 
origin  of  milk-sugar  does  not  apply  to  carnivora,  as  they  produce  milk- 
sugar  when  fed  on  food  consisting  entirely  of  lean  meat.  The  observa- 
vations  of  Bert  and  Thierfelder  *  that  a  mother-substance  of  the  milk- 
sugar,  a  saccharogen,  occurs  in  the  glands  cannot  give  further  explanation  as 
to  the  formation  of  milk-sugar,  as  the  nature  of  this  mother-substance  is  still 
unknown.  As  the  animal  body  has  undoubtedly  the  power  of  converting 
one  variety  of  sugar  into  another,  the  origin  of  the  milk-sugar  cannot  be 
sought  simply  in  the  dextrose  introduced  as  food  or  formed  in  the  body. 

The  passage  of  foreign  substances  into  the  milk  stands  in  close  connec- 
tion with  the  chemical  processes  of  milk-secretion. 

It  is  a  well-known  fact  that  milk  acquires  a  foreign  taste  from  the  food 
of  the  animal,  which  is  in  itself  a  proof  that  foreign  bodies  pass  into  the 
milk.  This  fact  becomes  of  special  importance  in  reference  to  such  injurious 
substances  as  may  be  introduced  into  the  organism  of  the  nursing  child  by 
means  of  the  milk. 

Among  these  substances  may  be  mentioned  opium  and  morphine,  which 
after  large  doses  pass  into  the  milk  and  act  on  the  child.  Alcohol  may  also 
pass  into  the  milk,  but  probably  not  in  such  quantities  as  to  have  any  direct 
action  on  the  nursing  child.3  Alcohol  is  claimed  to  have  been  detected  in 
the  milk  after  feeding  cows  with  brewer's  grains. 

Among  inorganic  bodies,  iodine,  arsenic,  bismuth,  antimony,  zinc,  lead, 
mercury,  and  iron  have  been  found  in  milk.  In  icterus  neither  bile-acids 
nor  bile-pigments  pass  into  the  milk. 

Under  diseased  condition-,  no  constant  change  has  been  found  in  woman's 
milk.  In  isolated  cases  Schlossberger,  Joly  and  Filhol*  have  observed 
indeed  a  markedly  abnormal  composition,  but  no  positive  conclusion  can  be 
derived  therefrom. 

The  changes  in  cow's  milk  in  disease  have  been  little  studied.  In  tuberculosis 
of  the  udder  Storch  *  found  tubercle  bacilli  in  the  milk,  and  he  r  bo  noted  that 
the  milk  became  more  and  more  diluted,  during  the  disease,  with  a  serous  liquid 
similar  to  blood-serum,  so  that  the  glands  finally,  instead  of  yielding  milk,  gave 

1  Muntz,  Compt.  rend.,  102;  Bert  and  Thierfelder,  foot-note  1,  page  437. 

•See  Klingemann,  Virchow's  Arch.,  126,  and  Roeemann,  Pfluger's  Arch.,  78. 

•  Schlossberger,  Annal.  d.  Chem.  u  Pharm.,  96;  Joly  and  Filhol,  cited  from  Gorup- 
Besanez,  Lehrb.,  4.  Aufl.,  438. 

4  See  Bang,  Om  Tuberkulose  i  Koens  Y  ver  og  om  tuberkulos  Malk.  Nord.  med. 
Arkiv,  16,  and  also  Maly's  Jahresber.,  14,  170;  Storch,  Maly's  Jahresber.,  14. 
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only  blood-serum  or  a  serous  fluid.  Husbon1  found  that  milk  from  murrain 
oows  contained  more  proteids  but  considerably  lees  fat  and  (in  seven  eases)  less 
sugar  than  normal  milk. 

The  milk  may  be  blue  or  red  in  color,  due  to  the  development  of  rnioro-organisfna. 
The  formation  of  ooncrements  in  the  exit-passages  of  the  cow's  udder  is  often 
observed.    They  consist  chiefly  of  calcium  carbonate,  or  of  carbonate  and  phos- 
phate with  only  a  small  amount  of  organic  substances. 

'Oompt.  rend.,  7S. 


CHAPTER  XV. 
URINE. 

Urine  is  the  most  important  excretion  of  the  animal  organism;  it  is  the 
means  of  eliminating  the  nitrogenous  metabolic  products,  also  the  water  and 
the  soluble  mineral  substances;  and  in  many  cases  it  furnishes  important 
data  relative  to  the  metabolism,  quantitatively  by  its  variation,  and  quali- 
tatively by  the  appearance  of  foreign  bodies  in  the  excretion.  Moreover  in 
many  cases  we  are  able  from  the  chemical  or  morphological  constituents 
which  the  urine  abstracts  from  the  kidneys,  ureter,  bladder,  and  urethra 
to  judge  of  the  condition  of  these  organs;  and  lastly,  urinary  analysis 
affords  an  excellent  means  of  deciding  the  question  as  to  how  certain 
medicinal  agents  or  other  foreign  substances  introduced  into  the  organism 
are  absorbed  and  chemically  changed.  In  this  respect  especially  urinary 
analysis  has  furnished  very  important  particulars  in.  regard  to  the  nature  of 
the  chemical  processes  taking  place  within  the  organism,  and  it  is  therefore 
not  only  an  important  aid  in  diagnosis  to  the  physician,  but  it  is  also  of 
the  greatest  importance  to  the  toxicologist  and  the  physiological  chemist. 

In  studying  the  secretions  and  excretions  the  relationship  must  be  sought 
between  the  chemical  structure  of  the  secreting  organ  and  the  chemical 
composition  of  its  secreted  products.  Investigations  with  respect  to  the 
kidneys  and  the  urine  have  led  to  very  few  results  from  this  standpoint. 
Although  the  anatomical  relation  of  the  kidneys  has  been  carefully  studied, 
their  chemical  composition  has  not  been  the  subject  of  thorough  analytical 
research.  In  cases  in  which  a  chemical  investigation  of  the  kidneys  has 
been  undertaken,  it  has  in  general  only  been  of  the  organ  as  such,  and  not 
of  the  different  anatomical  parts.  An  enumeration  of  the  chemical  con- 
stituents of  the  kidneys  known  at  the  present  time  can,  therefore,  have  only 
a  secondary  value. 

In  the  kidneys  we  find  proteids  of  different  kinds.  According 
to  Halliburton  the  kidneys  do  not  contain  any  albumin,  but  only  a 
globulin  and  a  nucleoproteid.  The  globulin  coagulates  at  about  52°  C,  and 
the  nucleoproteid  contains  0.37  per  cent  phosphorus.  According  to 
L.  Liebermann  the  kidneys  contain  a  lecithalbumin,  and  he  ascribes  to 
this  body  a  special  importance  in  the  secretion  of  acid  urines.  The  kidneys 
also  contain,  according  to  Lonnberg,  a  mucin4ike  substance.    This  sub- 

461 


•e  yields  no  reducing  body  on  boiling  with  acids  and  belongs  chiefly  to 
the  papillae,  and  is,  according  to  Lonnhkrg,  a  nucleoalbumin  (nucleopro- 
teid  ?).  The  cortical  substance  is  richer  in  another  nucleoalbumin  (nucleo- 
proteid)  unlike  mucin.  It  has  not  been  decided  what  relationship  this  last 
substance  bears  to  Halliburton  's  nucleoproteid.  According  to  Morser  ' 
chondroiHn-sidphuric  acid  occurs  as  traces. 

Fat  occurs  only  in  very  small  amounts  in  the  cells  of  the  tortuous  urinary 
passages.  Among  the  extractive  bodies  of  the  kidneys  one  finds  xanthine 
8,  also  urea,  uric  acid  (traces),  glycogen,  leucin,  inosite,  taurin,  and 
■!  (in  ox-kidneys).  The  quantitative  analyses  of  the  kidneys  thus 
far  made  possess  little  interest.  Oidtmann  j  found  810.94  p.  m.  water, 
170.16  p.  m.  organic  and  0.99  p.  m.  inorganic  substance  in  the  kith 
an  old  woman. 

The  fluid  collected  under  pathological  conditions,  as  in  hydronephrosis,  is  thin 

with  a  variable  but  generally  low  specific  gravity.     Usually  it  is  straw-vellow  or 

paler  in  <  "lor.  ami  ramethaefl  colorless.    Mo.-:!  frequently  it  i.-;  clear,  or  only  i 

cloudy  from  white  blood-corpuscles  and  epithelium-rclla;    in  a  few  cases  it  »  » 

defa   in   fonu-rlrinctits   that  it  apfX'.'irs   like   pus.      Proteid  occurs  generally  in 

Bmall  amounts;    occasionally  it  is   entirely  absent,  but  in  a  few  rare  cases  the 

ml    is  nearly  as   IsfgB  M   in   the   Mood-serum.     Urea  occurs  sometimes  in 

derable  amounts  when  the  parenchyma  of  the  kidneys  is  only  in  part  atro- 

1 ;   in  complete  atrophy  the  urea  may  be  entirely  absent. 


I.   Physical  Properties  of  Urine. 

Consistency,  Transparency,  Odor,  and  Taste  of  Urine.    Under 
logical  conditions  urine  is  a  thin  liquid  and  gives,  when  shaken  with  air, » 
froth  which  quickly  subsides.    Human  urine  or  urine  from  carnivora,  which 
Is  habitually  acid,  appears  clear  and  transparent,  often  faintly  fluon - 
immediately  after  voiding.     When  allowed  to  stand  for  a  little  while  human 
urine  shows  a  light  cloud  (nubecula),  which  consists  of  the  so  called 
and  generally  also  contains  a  few  epithelium  cells,  mucus-corpuscles,  ami 
urate-irjanules.     The  presence  of  a  larger  quantity  of  urates  renders  U* 
urine  cloudy,  and  a  clay-yellow,  yellowish-brown,  rose-colored,  or  often 
briok-ff8d  precipitate  (sedimentum  lateritium)  settles  on  cooling,  beca 
the  greater  insolubility  of  the  unites  at  the  ordinary  temperature  than  at 
the  temperature  of  the  body.    This  cloudiness  disappears  on  gently  warm- 
ing.    In  new-born  infants  the  cloudiness  of  the  urine  during  the  first  4-5 
days  is  due  to  epithelium,  mucus-corpuscles,  uric  acid,  and  urates.   The 
urine  of  herbivora,  which  is  habitually  neutral  or  alkaline  in  reaction,  a 
very  cloudy  on  account  of  the  carbonates  of  the  alkaline  earths  present. 
Human  urine  may  sometimes  be  alkaline  under  physiological  0 

1  Halliburton,  Journ.  of  Physiol.,  13,  BuppL,  and  IS;  Liebermann,  Pnujjer'*  Arehi 
60  and  54;   I^mnbcrg,  sec  Maly's  Jahreetbcr..  20;   Moroer,  Skand.  Arch.  f.  ItyaioL, <L 
i'.od  from  v.  Gorup-Besanez,  Lehrbuch,  4.  Aufl.,  732. 
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this  case  it  is  cloudy  due  to  the  earthy  phosphates,  and  this  cloudiness 
not  disappear  on  wanning,  differing  in  this  respect  from  the  sedimen- 
tum  laicrilium.  Urine  has  a  salty  and  faintly  bitter  taste  produced  by 
sodium  chloride  and  urea.  The  odor  of  urine  is  peculiarly  aromatic;  the 
bodies  winch  produce  this  odor  are  unknown. 

The  color  of  urine  is  normally  pale  yellow  when  the  specific  gravity  is 
1.020.  The  color  otherwise  depends  on  the  concentration  of  the  urine  and 
varies  from  pale  straw-yellow,  when  the  urine  contains  small  amounts  of 
solids,  to  a  dark  reddish-yellow  or  reddish-brown  in  stronger  concentration. 
As  a  rule  the  intensity  o!  the  color  corresponds  to  the  concentration,  but 
under  pathological  conditions  exceptions  occur  such  as  is  found  in  diabetic 
urine,  which  contains  a  large  amount  of  solids  and  has  a  high  specific 
gravity  and  a  pale-yellow  color. 

The  reaction  of  urine  depends  essentially  upon  the  composition  of  the 
food.  The  carnivora  void  an  acid,  the  herbivora,  as  a  rule,  a  neutral  or 
Alkaline  urine.  If  a  carnivora  is  put  upon  a  vegetable  diet,  its  urine  may 
become  less  acid  or  neutral,  while  (he  reverse  occurs  when  an  herbivora  is 
starved,  that  is,  when  it  lives  upon  its  own  flesh,  as  then  the  urine  voided  is 
acid. 

The  urine  of  a  healthy  man  on  a  mixed  diet  has  an  acid  reaction,  and 
the  sum  of  the  acid  equivalents  is  greater  than  the  sum  of  the  basic  equiva- 
lents. Tin  is  upon  the  fact  that  in  the  physiological  c>>  I  of 
neutral  substances  (pniteids  and  others')  within  the  organism  acids  are  pro- 
duced, chiefly  sulphuric  acid,  but  also  phosphoric  and  organic  acids,  such  as 
liippuric,  uric,  and  oxalic  acid,  aromatic  oxyacids,  and  "Huts.  From  this  it 
follows  that  tin  ictinii  ■  noi  dur  bo  OO  add  alone.  The  ordinary 
-view  that  the  aei<  1  react  ion  is  due  chiefly  to  dihydroeen  phosphates  is  therefore 
nut  true.  The  various  acids  take  part  in  the  acid  reaction  in  proportion  to 
their  dissociation,  since,  according  to  the  ion  th-ory.  (he  acid  reaction 
of  a  mixture  is  dependent  upon  the  number  of  hydrogen  ions  present. 

The  composition  of  the  food  b  Dot  the  only  Mhwrwp  which  affects  the 
gree  of  addity  of  human  urine.     For  example,  after  taking  food,  at 
"Ix'ginning  of  digestion,  when  a  larger  amount  of  gastric  juice  containing 
hydrochloric  acid  is  secreted,  the  urine  may  be  neutral  or  even  alkaline.1 
The  statements  of  various  invest k-at of e  are  rather  contradictory  in  regard 
to  the  time  of  the  appearance  of  the  maximum  and  minimum  of  the  acid- 
ity, which  may  in  part  be  explained  by  the  different  individuality  and 
conditions  of  life  of  the  persons  investigated.     It  has  not  infrequently  been 
observed  that  perfectly  healthy  persons  in  the  morning  void  a  neutral  or 
alkaline   urine   which    is   cloudy    from   earthy    phosphate.     The   effect   of 
muscular  activity  on  the  acidity  of  urine  has  not  been  positively  determined. 


'Contradictory  statements  are  found  in  Linossier,  Maly's  Jahreaber.,  27. 
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According  to  Hoffmann,  Ringstedt,  Oddi  and  Tarulli  muscular  wotk 
raises  the  degree  of  acidity,  but  Anucco  l  claim?  hat  it  decreases  it.  Abun- 
dant perspiration  reduces  the  acidity  (Hoffmann). 

In  man  and  especially  in  carnivoia  it  seems  that  the  degree  of  acidity 
the  urine  cannot  be  increased  above  a  certain  point,  oven  though  min« 
acids  or  organic  acids  which  are  burnt  up  with  difficulty  are  ingest' 
quantities.     When  the  supply  of  carbonates  of  the  fix  d  alkalis  stored 
in  the  organism  for  this  purpose  is  not  sufficient  to  combine  with  the  exce* 
of  acid,  then  ammonia  is  split  off  from  the  proteids  o    their  dcconn> 
products,  and  this  excess  of  acid  combines  therewith,  forming  ammonium 
salts,  which  pass  into  the  urine.     In  herbivora  such  a  combination  of  the 
excess  of  acid  with  ammonia  does  not  seem  to  take  place,  or  not  to  the  same 
extent,3  and  therefore  herbivora  soon  die  when  acids  are  given.     Neverthe- 
less the  degree  of  acidity  of  human  urine  may  be  easily  diminished  so  thai 
the  reaction  l>ee,omcs  neutral  or  alkaline.     This  occurs  after  the  taking  of 
carbonates  of  the  fixed  alkalies  or  of  such  alkali  salts  of  vegetable  s> 
tartaric  acid,  citric  acid,  and  malic  acid — as  are  easily  burnt  into  carbonate* 
in  the  organism.     Under  pathological  conditions,  as  in  the  absorption  of 
alkaline  transudates,  the  urine  may  become  alkaline. 

A  urine  with  an  alkaline  reaction   caused  by  fixed  alkalies  has  a  von 
different  diagnostic  value  from  one  whose  alkali no  n  art  ion  is  caused 
the  presence  of  ammonium  carbonate.     In  the  latter  case  we  have  to  ileal 
with  a  decomposition  of  the  urea  of  the  urine  by  the  action  of  nucro-organ* 
Isms. 

If  one  wishes  to  determine  whether  the  alkaline  reaction  of  the  urine  » 
due  to  ammonia  or  fixed  alkalies,  a  piece  of  red  litmus  paper  is  dipped  inlo 
the  urine  and  allow  it  to  dry  exposed  to  the  air  or  to  a  gentle  heat.    1 
u  kaline  reaction  is  due  to  ammonia    the  paper  becomes  red  again;  but  il 
it  is  caused  by  fixed  alkalies,  it  remains  blue. 

Determination  of  the  Acidity.  As  the  quantity  of  phrvo 
present  as  dihydrogen  salt,  as  above  stated,  oannol  be  used  as  a  nieasur 
of  the  acidity,  all  the  older  methods  suggested  for  the  e 
this  portion  of  the  phosphoric  acid  are  not  suited  for  aridity  deter- 
minations. We  now  determine  the  acidity  simply  by  acidimetric  method* 
by  titrating  with  N/10  caustic  alkali,  using  phcnolphthalein  as  an  indict 
(Naf.gfi  R,  I  oi.in).     On  account  of  the  color  of  the  urine  and  the 

presence  of  ammonium  salts  and  alkaline  earth: 
yield  entirely  exact  results.     The  greatest  error  depends  upon  the  alkaline 
earths,  which,  on  titration  with  caustic  alkali,  precipitate  as  ear 
phatcs  in  variable  amounts  and  of  variable  composition.      This  error  can 


1  Hoffmann,  see  Maly'*    Jakresber.,  14;    Ringstedt,  ibid.,  20;   Oddi  ai»!    Tartffi. 
ibid.,  24;  Ad«»  17. 

'Sec  Winterberg,  Zeitschr.  f.  physioL  Chem..  26. 
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be  prevented,  according  to  Folin,1  by  the  addition  <>f   neutral  potassium 
oxalate,  which  precipitates  the  lime,  and  in  this  way  the  disturbing  ; 
of  the  ammonium  salts  is  also  inhibited.     Perfectly  accurate  results  are 
obtained  by  this  method,  but  it  is  the  best  of  those  which  have  been 
suggested. 

It  i."  j>erformed  as  follows:    25  c.  c.  of  urine  are  placed  in  an  Er 

•bout  200  c.  c.  capacity),  treated  with  1-2  dropl  of  \  percent 
•lphthalein  solution,  anil  shaken  with  15-20  grams  of  powdered  potas- 
sium oxalate  and  immediately  treated  with  N/10  caustic  soda  with  constant 
ahaking  until  a  pronounced  pale-rose  color  appe 

The  aridity,  as  determines!  by  titration,  varies  considerably  tinder 
physiological  conditions,  but  calculated  as  hydrochloric  acid  it  amounts 
to  about  1.5-2.3  grains  in  man. 

By  titration  we  learn  the  amount  of  hydrogen  present  which  can  be 

■ituted  by  a  metal,  i.e.,  the  acidity  in  the  ordinary  older  sense,  but  Dot 

v,  the  ion  acidity,  which  is  given  by  the  concentration  of  the 

hydrogen  ions  of  the  urine.     For  similar  reasons,  as  indicated  previously  in 

treating  of  the  alkalinity  of  the  blood-serum  (page  100),  the  ion  acidity 

cannot  be  determined  by  titration,  while  it  can  be  determined  aceording 

to  the  principle  of  the  cloctromctric  gas-chain  method  as  there  given.    Buch 

us  have  been  made  by  v.  Rhorer  and  i:k.3     Tor  normal 

urine  v.  RflOBER  found  aa  a  minimum  4">  ",  as  a  maximum  7i'>"'  ".  and  as 

an  average  3010~7.    H&BZB  found  4.710-7,  10O1"  ;<»i°-7,  respectively. 

On  an  average  the  urine  contains  therefore  30-50  grams  of  hydrogen  ions 

in   10  million    liters,  and  ax  in  the  same  quantity  of  purest  water  there  is 

Hiini  numbers  1  gram  of  hydrogen  ions,  the  urine  contains, 
fore,  30-50  times  as  many  hydrogen  ions  as  the  water.     From  Hoder's 
follows  that  no  direct  relationship  exists  between  the 
titra:  .*y  and  the  ion  acidity,  and  that  the  extent  of  these  two  acidi- 

ties may  be  independent  of  each  other 

The  osmotic  pressure  of  the  urine  varies  considerably  even  under 
physiological  conditions.      The  limit  for  the  freezing-point  depression  has 
been  found  by  a  number  of  investigator-  to  be  J  -  0.87°  -  2.71°  C.1 
partaking  of  considerable  water  it  may  be  markedly  lower,  and  on  diminished 
ply  of  water  it  may  be  considerably  higher. 

According  to  Blgaksky  a  certain  relationship  exists  between  the  freezing- 
point  depression  and  the  specific  gravity,  namely  — -  -constant  -75.  Thia 
equation,  where  a  represents  the  specific  gravity,  has  no  general  application,  and 

1  Nacgcli,  Zeitschr.  f.  physiol,  Cbtm  .  30;    B&b*r,  ffoftnefcti  ':»kp.  3;   Folin. 

Amer    Journ.  of  Fhysiol.,  9. 

I  rhorer.  PflQgsr'a  Arrh  ,  86;  Bftber,  1.  c. 
•See  Straus*.  Zcitschr.  f.  klin.  Med..  47. 
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according  to  Steyrbr,'  is  onlv  approximate  for  normal  urines.  The  v.i 
of  the  relationship,  as  found  by  BroAitsKY,  between  the  electric  condui 
and  the  ash  content  of  the  urine,  seems  also  to  require  further  proof. 

The  specific  gravity  of  urine,  which  i.-  dependent  upon  the  relar 
exis ing  between  the  quantity  of  water  secreted  and  the  solid  urinary  con- 
stituents, especially  the  u  ea  and  sodium  chloride,  may  vary  onsiderably, 
but  Ls  generally  1.017-1.020.  After  drinking  large  quantities  of  water  h 
may  fall  to  1.002,  while  after  profuse  perspiration  or  after  drinking 
little  water  it  may  rise  to  1.035-1.040.  In  new-born  infants  the  specific 
gravity  is  low,  1.007-1.005.  The  determination  of  the  specific  gravity  is 
an  important  means  of  learning  tin-  avenge  amount  of  solids  eliminated 
from  the  organism  with  the  urine,  and  on  this  account  the  determination 
becomes  of  true  value  only  when  at  the  same  time  the  quantity  of  urine 
voided  in  a  given  time  is  determined.  The  different  portions  of  urine 
voided  in  the  course  of  the  twenty-four  hours  are  collected,  mixed  together, 
the  total  quantity  measured,  and  then  the  specific  gravity  taken. 

The  determination  of  the  specific  gravity  is  most  accurately  obtained  with 
the  pyknoineter.  For  ordinary  cases  the  specific  gravity  may  be  dew- 
mined  with  sufficient  accuracy  by  meaas  of  areometers  The  areometers 
found  in  the  trade,  or  urinometers,  are  graduated  from  1.000  to  1.040;  for 
exact  observations  it  is  better  to  use  two  urinomateis,  one  graduated  boo 
1.000  to  1.020,  and  the  other  from  1.020  to  1.040 

To  determine  the  .specific  gravity  of  urine,  if  necessary  filter  the 

or  if  it  contains  a  urate  sediment,  first  dissolve  it  by  gentle  heat,  then  poor 
the  clear  urine  into  a  dry  cylinder,  avoiding  the  format]  n  of  froth.    An- 
hubbles  or  fn.th,  when  present,  must  be  removed  with  a  glass  rod  or  filter- 
paper.     The  cylinder,  which  should  be  about  four  fifths  full,  must  be  wife 
enough  to  allow  the  urinometer  to  swim  freely  in  the  liquid  without 
ing  the  Nides.     The  cylinder  and  111  ino meter  should  both  I 
washed  with  the  urine.     On  reading,  the  eve  i-  broughl  on  a  level  w 
lower  meniscus — which  occurs  when  the  BUiface  of  the  liquid  and  the 
limb  of  the  meniscus  coincide;    the  Beading  is  then  made  from  the 
where  this  curved  line  cuts  the  scale  of  the  urinometer.     If  the  eye  is  not 
in  the    ame  horizontal  plane  with  the  convex  line  of  the  meniscus,  but  it 
high  or  too  low,  th  •        the  liquid  aa  ;  an  ellipse. 

and   the  reading  in  this  position  is  incorrect.     Before  reading  pre 
ur'mouirt.-r  gently  down  into  the  liquid  and  then  allow  it  to  rise,  and  vait 
until  it  is  at  rest. 

urinometer  is  graduated  for  a  certain  temperature,  which  is  marked 
on  the  instrument. or  at  least  on  the  i  •   i       [j  ihe  urine  i>  not  at  the  proper 
temperature,  the  following  corrections  must  be  made:    For  even-  three 
rees  above  the  normal  temperature  one  unit  of  the  lai  is  added  w 

reading,  and  for  every  three  degrees  below  the  normal  temperature  one 
unit  [as  above)  u  subtracted  from  the  specific  gravity  observed.  For  exam* 
pie.  when    a    urinometer   graduated    for  15°  C.  shows  a  specific  gravity 
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of   1.017   at  24°  C.,  then  the  specific   gravity  at  15°  C- 1.017 +0.003 - 
1.020. 

When  great  exactitude  is  required,  as,  for  instance,  a  determination  to 
the  fourth  decimal  point,  we  make  use  of  a  urinometer  constructed  by 
Lohnstein.1  Jolles  3  has  also  devised  a  small  urinometer  for  the  deter- 
mination of  the  specific  gravity  of  small  amounts  of  urine,  20-25  c.  c.  The 
specific  gravity  may  also  be  determined  by  the  Westphal  hydrostatic 
balance. 

IT.  Organic,  Physiological  Constituents  of  the  Urine. 

+  jjji 

Urea,  Ur,  CONjH^CCX  jttt',  has  been  synthetically  prepared  in  sev- 
eral ways,  especially,  as  Wohler  showed  in  1828,  by  the  metameric  trans- 
formation of  ammonium  isocyanate:  CO.N.NH4=«CO(NH,),.  It  is  also 
produced  by  the  decomposition  or  oxidation  of  certain  bodies  found  in  the 
animal  organisms,  such  as  purin  bodies,  creatine,  arginin,  etc. 

Urea  is  found  most  abundantly  in  the  urine  of  carnivora  and  man,  but  in 
smalle-  quantities  in  that  of  herbivora.  The  quantity  in  human  urine  is 
ordinarily  20-30  p.  m.  It  has  also  been  found  in  small  quantities  in  the 
urine  of  amphibians,  fishes,  and  certain  birds.  Urea  occurs  in  the  perspira- 
tion in  small  quantities,  and  a^  traces  in  th  blood  and  in  most  of  the  animal 
fluids.  It  also  occurs  in  rather  large  quantities  in  the  blood,  liver,  muscle," 
&nd  bile '  of  sharks.  Urea  is  also  found  in  certain  tissue  and  organs  of 
mammals,  especially  in  the  liver  and  spleen,  although  only  in  small  amounts. 
Under  pathological  conditions,  as  in  obstructed  excretion,  urea  may  appear 
to  a  considerable  extent  in  the  animal  fluids  and  tissues. 

The  quantity  of  urea  which  is  voided  in  twenty-four  hours  on  a  mixed 
diet  is  in  a  grown  man  about  30  grams,  in  women  somewhat  less.  While 
children  void  less,  the  excretion  relative  to  their  body-weight  is  greater  than 
in  grown  persons.  The  physiological  significance  of  urea  lies  in  the  fact 
that  this  body  forms  in  man  and  carnivora,  from  a  quantitative  standpoint, 
the  most  important  nitrogenous  end  product  of  the  metabolism  of  proteid 
bodies.  On  this  account  the  elimination  of  urea  varies  to  a  great  extent 
with  the  katabolism  of  the  proteid,  and  above  all  with  the  quantity  of 
absorbable  proteids  in  the  food  ingested.  The  elimination  of  urea  is  greatest 
after  an  exclusive  meat  diet,  and  lowest,  indeed  less  than  during  starvation 
after  the  consumption  of  non-nitrogenous  substances,  since  these  diminish 
the  metabolism  of  the  proteids  of  the  body. 

If  the  consumption  of  the  proteids  of  the  body  is  increased,  then  the 

1  Pfluger's  Arch.,  69;  Chem.  Centralbl.,  1895, 1,  and  1896,  2. 

» Wien.  med.  Presae,  1897,  No.  8. 

•v.  Schroder,  Zeitschr.  f.  physiol.  Chem.,  14. 

*  Hammaratcn,  ibid.,  24. 
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elimination  of  nitrogen  is  eorre^.ondincly  increased.     This  is  found  lobe 
i   i  •  i-ase  in  fe\  ■•  tsada,  diabetes,  after  poisoning  with  arsenic,  antimony, 

phosphorus,  and  otbei  ons,  by  a  diminish  of  oxygen 

— as  in  savers  and  oonthmoua  dyspnoea,  poisoning  with  carbon  mom 
hemorrhage,  etO.     In  these  cases  it  used  to  be  considered  that  the  rise  . 
excretion  of  nitrogen  was  clue  to  an  increased  eliniina 
exact  differenoe  WAS  made  between  the  quantity  of  urea  and  of  total  nitrogen 
in  the  urine.  researches  have  conclusively  demonstrated  the  un 

worthiness   of   these  observations.     Since    Pfl  1  UBS    sad    BOHLtXD  have 
shown  that  1G  per  cent  of  the  total  nitr-  ve  urine  e 

logical  conditions  as  other  combinations,  aol  urea,  attention  baa  beau  eafled 
to  the  relationship  <>f  the  different  nitrogenous  con  of  the  ur: 

eaoh  ether,  and  it  has  been  found,  under  pathological  0 
relationship  may   vary  considerably,  especially   in   regard    t<>  the  una. 
We  have  numerous  determinations  by  different  investigators,  such  as  J 
LAND,  E.  BCBTOTBj  QaifSROBj  Vo<WB,    Mouvr.R  and  Sjoqvist.  GNU 
Bodtkku.'  and   others,  on  the  relationship  of  the  different  nitrogc 
-iiiiein.-   i  •  sai  b  other  in  the  normal  urine  of  adults.     Sjoqvist  ha- 
similar  determinations  on  new-born  babes  from  1-7  days  old. 
these  analyses  we  obtain  the  following  figures  (A  for  adults  and  B  fa 
born  babes).     Of  the  total  nitrogen  there  exists: 

a  a 

Per  Cast.        P«v 

Urea. 84-'Jl  73-76 

Ammonia 9    5 

Trie  acid 1-3  3.0-8.5 

Remaining  nitrogenous  substances  (extractives) ..  .  .     7-12  7  3-14  7 

The  different  relationship  between  uric  acid,  ammonia,  and  urea  nitrogen 
in  children  and  adults  is  remarkable,  since  the  urine  of  children  is  considef- 
ably  richer  in  un.  u  id  and  ammonia,  and  considerably  poorer  in  urea,  than 
the  urine  of  adults.  The  absolute  quantity  of  urea  nitrogen  in  adultt 
amounts  to  about  10-16  grams  per  day.  In  disease  the  proport 
nitre  fa  lb'  changed    and  a  deerei 

quantity   of  Itret  Bod  BH  in  the  quantity  of  ammonia  have 

•\i  1  in  oertsin  dhsessee  of  the  liver.    This  ■will  be  considered  in  del 
Connection  With  the  formation  of  urea  in  the  liver.     It  is  natural  that  there 
should  boa  diminished    formation  of  urea  after  a  decrease  in  the  i 
tion  of  i  or  in  a  lowered  i  i.i.     in  diseases  o 


1  Pfliigftr  and  Rohland.  PflOgfflr'i  Arch..  38  and  48;    Bohland.  (bid  .   13     SdnttA 
ibid.,  45;  Canx-rer,  Zeiteohr.  i    Biologie,  24,  27,  and  2V   Vogss,  IV  fining 

der  siirk&tofThaltigen  Restaiidihcilc  un  Han  .  Ilerlin.  IS02",  o«d 

M;lly'.-  Jahreeber.,  22;    K.  Morner   and  Sjoqvist,  STcand.  Arch    f    Phyiol.  i 
BttaboGty  I   med.  /  o.  30,  and  1894,  No.  10;  <;imi!u-Ii,  Zdwdtf. 

f.  pi  i  .  17:  Bodtker,  ne  Holy's  Jahreabex  .  2(1 
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which  disturb  >y  the  integrity  ad  the  ••pit helium  of  the  convoluted 

urinary  passages  the  elimination  of  urea  is  considerably  diminish- 

Recently  by  means  of  I'fac  ndi.f.r'r  method,  by  precipitating  the  urine  with 

fphosp  10  arid  and  closely  studying  the  j.r.-i  ijiitato  as  well  as  the  filtrate, 

it  has  been  possible  to  lean  further  about  the  dil  IflioD  of  the  nitrogen  of  the  urine 
and  also  to  determine  the  amount  of  ammo-acid  nitrogen.  Pfacndler  1  found 
in  one  case  4.76  per  cent  of  the  total  nitrogen  as  so-called  amino-acid  nitrogen 

Un'.'r.F.n  and  SCFUCID   '>-*>  per  cent.     According  to  V.  JaXBCQ,1  the  BO 
and  nitrogen   is  increased  in  diseases  of  the  Hv-t.  typhoid,  and  diabetes.     In 
normal  human  urines  the  amino-aeid  nitrogen  must  not  be  alwivp  1,6-9  pel 

total  nitrogen  (v.  Jaxsgb).    5.1(1  a  oentof  the  total  nitrofen 

from   the  ammonia  and    puri  rthods  have  not  been  Sufficiently 

I   and  tested  in  order  to  allow  of  positive  conclusions.    Those  bodies 
he  umoo-acid  nitrogen  are  only  known  to  a  slight 
degree  (luppuric  acid,  oxyproteic  acid,  and  others). 

Formation  of  Una  in  tlu-  Organism.     The  experiments  to  produce  urea 

ly  from  proteids  by  oxidation  have  fed  to  the  formation  of  some  guan- 

[I  urea  has  not  l>een  obtained  poaitivarj       '  h  Rfl  of  pro- 

arginin  has  been  foun.  i  >ther  products,  and  as  it  is  also  produced 

try  i  itic   digestion,  it  is  possible  that  a  small  portion  of  the  urea  is 

.  .red    in    this    manner,    according    to    the    hind    of    proteid    ( I  >u::'  iim;i.. 

i:i..  see  Chapter  II).     DRBCHBEL  Claims  that  about.  1(1  par  OCUt  Ox  the 

urea  can  bo  accounted  for  in  this  way.    A  part  of  the  urea  may  be  produced 

by  the  action  of  alkali-  •  •atinine,  but  thifl  il  hardly  probable. 

The  amino  acids  are  also  considered  as  mother-substances  of  urea. 
the  n  utzen  and  Nknckj  and  Salxowbd  with  leucin  and 

and  those  of  v.  Knikuikm  with  asparnpin,  it  hi-  been  shown 
the  amino  acids  are  in  part  converted   into  urea  in   the  animal  organ ■ 

is  with   the   three  amino  acids,  glycocoll, 
id.  have  urn  I    the  living  dog- 

I  with  arterial  hi 1.  has  the  property  of  transforming  the 

into  urea  or  a  closely  allied  substance.     The  researches 

.-. ith  the  ''urea-forming  me  of  the  li\<-r.  discovered  by 

Ucbtbt,  andgJyoocoD  <>r  leucin,  as  also  the  reBearchee  of  Ascoli,"  have 

to  similar  results,  but  it  must  be  remarked  that  we  have  no   proof 

as  to  the  identity  <<f  the  newly  formed  substance  with  urea.    Nothing  can 

ed  in  regard  to  the  extent  of  formation  of  jo  I  in  the  physio- 

destruction  of  proteids  in  the  animal  body,  with  the  i  a  of 

formed  in  the  intestinal  digestion.     The  possibility  of  each  a  forma- 

ion  of  urea  i*  beyond  dispute. 

1  Pfaundler,  Zeitschr.  f.  phveiol.  Cli  i  lad  Bohmid,  Ml,  .'11 

'v.  Jak*ch,  Zeitschr.  f.  Ufa,  lied.,  50. 

Imltren  and  Nencki,  SSeHeehr.  f.  Blolagle,  8]    v.  K  lit.  Snlkowski, 

•5*  it.se  I  ir.  f.  pbysiol.  Chem.,  4;  Sulaskin,  fbtd  .  It;  Loewi,  Sbid.,  25;  Hichtot,  Cotnpt. 
♦end.,  118,  and  Conipt.  rend.  soc.  biol.,  49;  Aacoli,  Pflugcr's  Arch 
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Nothing  positive  can  be  said  in  regard  to  the  manner  in  which 
formation  <»f  una  occurs;  but  it  is  admitted  that  it  is  partly  a  format 
bom  ammonia  and  partly  from  carbamic  acid. 

The  possibility  of  a  formation  of  urea  from  ammonia  has  been  positively 
shown.     Thus  the  researches  of  v.  Knieriem,  S.u.kowhki,  Feder.  I.  Musi, 

CORANDA,   SCHMIEDEHKRG    ami     1' K.    VVaLTER,    and    HaLLERWORDEN,   POHt 

arid  Mi  nzer,1  on  the  behavior  of  ammonium  salts  in  the  animal  body  and 
the  elimination  of  the  ammonia  under  various  conditions,  have  shoira 
that  not  only  ammonium  -  Blbonste,  bttl  also  such  ammonium  salts  which 
are  burnt  into  carbonate  in  the  organism,  are  transformed  into  urea  by 
carnivora  as  well  as  herbivora.  v.  Sciikodkk,1  by  irrigating  the  living 
dog's  liver  with  blood  treated  with  ammonium  carbonate  or  ammonium 
formate,  has  shown  that  the  formation  of  urea  takes  place,  at  least  in  part, 
in  this  organ.  NSKCKI,  Pawuiyv  an<l  Zalkski  and  Salaskin  "  1 
that  in  dogs  the  quantity  of  ammonia  in  the  blood  from  the  portal  veins 
considerably  greater  than  that  from  the  hepatic  vein,  and  they  claim  that 
the  liver  retains  in  great  part  the  ammonia  thus  supplied-  The  formation 
of  DT8S  from  ammonia  in  the  liver  is  a  positively  proved  fact,  and  the  um 
formation  from  ammonium  carbonate  is  to  be  considered  as  a  syntbeoB 
he  elimination  of  water. 
We  have  also  important  observations  which  give  support  to  the  views  of 
S  m  l.izr.N-  rod  Xe.vcki,*  namely,  that  the  amino  acids  are  transforms! 
into  urea  with  carbamic  acid  as  an  intermediate  step.  Drechsel  has 
shown  that  the  amino  acids  yield  carbamic  acids  by  oxidation  in  alkaline 
fluid  of  the  organism,  and  he  obtained  urea  from  ammonium  car- 

hamate  by  passing  an  alternating  electrk  current  through  its  solution 
i.e.,  by  alternate  oxidation  and  reduction.  DRECHSEL  has  also  bttD 
able  to  detect  hi  mil  quantities  of  carbamates  in  blood,  and  later  in 
junction  with  ASSL  he  detected  carbamic  acid  in  alkaline  horse's  uriw- 
DSSGB8EL  therefore  accepts  the  formation  of  urea  from  ammonium  car- 
hamate,  and  according  to  him  the  alternating  oxidation  and  reduction  tab 
place  in  the  following  way: 


and 


HlN.().CO.NH,+0=H,X.O.CO.NH,+H30 

Ammonium  carbamate 


H3X.O.CO.NH3+H,= 


H,N.CO.NH,  +  HtO. 

Uraa 


1  v.  Knieriem,  Zeitschr.  f.  Biologie,  10;  Feder,  ibid.,  13;  Salkowski,  Zeiucbf  f 
Biologic,  1;  Munk,  ibid.,  2;  Coranda,  Arch.  f.  exp.  Path.  u.  Pharm.,  12;  Schmi^ 
berg  and  Walter,  ibid..  7;  HaJlerworden,  ibid.,  10;  Pohl  and  Miinxer,  Arch.  L  «*?■ 
Path.  u.  Pharm.,  43. 

rch.  f.  exp.  Path.  u.  Pharm..  IS.     See  also  Salomon.  Virchow'a  Arch.,  17. 

1  Arch,  dee  sciences  biol.  de  St.  Pctcrabourg.  4;  see  alao  Chapter  VI,  page  302 

•  Zeitechr.  f.  Biologie.  8. 
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Abel  ami  MrTRHEAn'  have  later  observed  an  abundant  elimination  of 
c&rbamic  acid  in  human  and  dog's  urine  after  the  administration  of  large 
quantities  of  milk,  of  lime,  and  ability  of  the  regular  appearance  of 

it id  in  normal  acid  human  and  dog's  urine  has  been  demonstrated  by 
If.  Ni.viKi  and  Hahn.'  These  last-mentioned  investigators  have  also 
given  very  important  support  to  the  theory  of  the  formation  of  urea  from 
ammonium  carbamate  by  observatioas  on  dogs  with  Eck's  j&stula.  In  this 
case  the  portal  vein  is  directly  connected  with  the  inferior  vena  cava,  and 
■  communication  is  thus  established  so  that  the  blood  of  the  portal 
flows  directly  into  the  vena  cava,  without  passing  through  the  liver. 
Nencki  and  Hah.n  observed  violent  symptoms  of  poisoning  in  dogs  oper- 
ated upon  by  1'awlow  and  ft! assen,  and  these  symptoms  were  quite  identi- 
cal with  those  obtained  on  introducing  carbamate  into  the  blood.  These 
Symptoms  also  appear  after  the  introduction  of  carbamate  into  the  stomach, 
while  the  introduction  of  carbamate  into  the  stomach  of  a  normal  dog  had 
no  action.  As  these  observers  also  found  that  the  urine  of  the  dog  on  v. 
the  operation  was  made  was  richer  in  i  arbamate  than  that  of  the  normal 
dog,  tin  y  concluded  that  the  symptoms  were  due  to  the  non-transformation 
of  the  ammonium  carbamate  into  urea  in  the  liver,  and  they  consider  the 
ammonium  carbamate  as  the  substance  from  which  the  urea  is  derived  in 
the  liver  of  mammals. 

The  view  as  to  the  formation  of  urea  from  ammonium  carbamate  does 
not  contradict  the  above  statement  as  to  the  transformation  of  carbonates 
into  urea,  since  we  can  imagine  that  the  carbonate  is  first  converted  into 
carbamate  with  the  expulsion  of  a  molecule  of  water,  and  that  this  ti 
transformed  into  urea  with  the  expulsion  of  a  second  mole< -ule  of  water. 

F.  HoiMBWrm  s  lias  found  in  the  oxidation  of  different  members  of  tin- 
fatty  series,  as  well  as  in  amino  acids  and  proteids,  that  urea  was  formal 
in  the  presence  of  ammonia,  and  he  therefore  suggests  the  possibility  that 
Urea  may  be  formed  by  an  oxidation-synthesis.  According  to  him,  in  the 
oxidation  of  nitrogenous  substances  a  radical  CONH,,  containing  the 
I  group,  unites  at  the  moment  of  formation  with  the  radical  NH, 
remaining  on  the  oxidation  of  ammonia,  forming  urea. 

Besides  the  above-mentioned  theories  as  to  the  formation  of  urea,  there 
are  others  which  will  not  be  given,  because  the  only  theory  win  ah  has  thus 
far  been  positively  demonstrated  is  the  formation  of  urea  from  ammonium 
compounds  and  amino  acids  in  the  liver. 


1  Dwilmil,  Iter.  A  sachs.  Graellsch.  d.  Wiasensch.,  L87&  See  also  Juurn.  f.  prakt. 
Oiem.  (N.  V.),  12,  W,  and  22;  Abel,  L)u  Bob-Bqrmood'i  A  .-Hi  .  1891 J  M..[  and 
Muirhead,  Arch.  f.  exp.  Path.  u.  Pharm.,  31. 

■  11  aim,  Hasten,  Nencki  et  Pawlow,  La  fistule  d'Eck  de  la  vein©  ca  ur  et 

de  la  vmne  porte,  etc.     Arch.  des  sciences  biol.  de  St.  Pelerebourg,  1,  No.  4,  1892. 

•Arch.  f.  exp.  Path.  u.  Pharm..  37. 
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The  liver  is  the  only  organ  in  which,  up  to  the  present  time,  a  forroitioii 
of  urea  has  been  directly  detected ; '  and  the  question  arises,  what  importance 
has  this  urea  formation  which  takes  plan-  in  the  liver?  Is  the  urea  wholly 
or  chiefly  formed  in  the-  lr 

If  the  liver  is  the  only  organ  enpable  Of  forming  urea,  it  is  to  he  expected, 
on  the  extirpation  Or  atrophy  Of  that  organ,  that  a  reduced  or,  in  short  expa> 
ments,  at  least  a  strongly  diminished  elimination  of  urea  should  occur.  As 
at  least  a  part  of  to  foamed  in  the  liver  Dram  ammonium  compound*, 

a  simultaneous  men  MSB  in  the  elimination  of  ammonia  is  to  be  SXpeCtsd 

The  extirpation  and  atrophy  experiments  on  animals  made  by  different 

methods  by  Nsrasi  and  Il'utv.  Si-osse,  Liebleix,  Nenyki  and  Pawlov, 

•■.skin   and    Zaleski  3   have   >ho\vn    that    a   rather  marked   increase  of 

ammonia  and  a  diminished  elimination  of  urea  take  place  after  the  open- 

bu<  also  thai  there  are  cases  in  which.  Irrespective  of  the  pronounced 

by,  an  abundant  formation  of  urea  occurs,  and  no  appn  fanjr, 

e  in  the  proportion  of  ammonia  to  the  total  nitrogen  and  urea  is 

observed.    After  shutting   out   the  organs  of  the  posterior  part  of  the 

body,  especially  the  liver  and  kidneys,  from  the  circulation.  Kaufmans  'also 

Found  an  important  inarease  m  the  urea  of  the  Mood,  and  these  different 

observations  show  that  the  liver  fa  not  the  only  organ,  in  the  various  animals 

experimented  upon,  b  which  urea  is  formed. 

The  observations  made  by  numerous  investigators*  on  human  beings 
with  "in !  be  liver,  unite  yellow  atrophy,  and  phosphorus  poisoning 

have  led  to  the  same  result.  These  investigations  teach  that  in  certain 
cases  the  proportion  of  the  nitrogenous  substances  may  be  so  changed 
that  urea  is  only  5Q-C0  per  cent  of  the  total  nitrogen,  while  in  other  easts. 
DO  the  contrary,  even  in  very  extensive  atrophy  of  the  lis  <  he  fnrnit- 

•f  urea  is  not  diminished,  neither  is  the  propOT  ••  BOB  the  total 

nitrogen,  urea,  and  ammonia  essentially  changed.     Even  in  the  cases  »n 
which  the  formation  of  Urea  was  relatively  diminished  and  the  eliminati< 

1  In  regard  to  the  investigations  of  Prcvost  and  Dumas.  Moissncr,  Voit,  Gr^nac*"*' 
Gscheidlen  and  Salkowski,  and  others,  on  the  role  of  the  kidneys  in  the  formation     ^ 
urea,  see  v.  Schroeder,  Arch.  f.  exp.  Path.  u.  Pharm.,  15  and  19,  and  Voit,  Zeitscb 
f.  Biologic,  4.  H 

*  Nencki  and  Ilahn,  Lc;  Slosae,  Du  Bois-Iteyraond 's  Arch.,  1890;   Liebleio,  Ar^^ 
f.  exp.  Path.  u.  Pharm.,  S3;  Xcacki  and  Pawlow,  Arch,  den  scieuc.  de  St.  lYterabou^^^ 
5.      Bee  also  v.   MeLster,  Maly'a  Jahreabcr.,  25;    SalMfcio  and  Zaleski,  ZetUchr. 
physiol.  Chem.,  29. 

1  Compl.  rend.  Soc.  biol.,  -M.  and  Areh  de  Physiol.  (5),  6. 

*  Sec  Hallcnvordeu,  Arch.  f.  exp.  Path.  u.  Pharm.,  12;  Weiotraud,  ibid.,  31 ;  Mi 
and  Wmterbsrg,  ibid.,  33;   Stadelmann,  Deutsche  Arch.  f.  klin.  Med..  33;   Fawit* 

.  t.'»:    M  tinier,  ibid  .  .V2;     Fr.mkel,  Berlin  klin.  Wochenschr. ,  1878;    Rkfatai 
1806j   M8nMr  mm]  Sjoqvisl  wh    f.  Physiol,  2,  and 

Arkiv .,  I  iiioh,  Zeitschr.  f.  phystoL,  Chem.,  17;    «    Noorden,  Lehrb.  <J 

des  Stoflwechsela,  287. 
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of  ammonia  C  My  increased  further  investigation  must  be  instituted 

it   w;!l  be  possible  tO  assume  a  reduced  ability  of  the  organist. 

use  urea.      An  increased  elimination  of  ammonia  may,  as  shown  by 

in  the  case  of  acute  phosphorus  poisoning;,  be  dependent  open 

the  formation  of  abnormally  targe  quantitaec  of  acids,  caused  by  abnormal 

Wolism,  anil  these  BCdds  I  -quire  a  greater  quantity  of  ammonia  for 
neutralisation  according  bo  the  law  of  the  i  ion  of  ammonia.  •.■ 

will  I*-  given  later.    Thai  aa  abnormal  formation  of  acid  occurs  sites  the 
cutting    out   of  the    liver  has  been  especially  shown    by  S.w,\smn    arid 
acz.1 
For  the  present  we  are  not  justified  in  the  statement  that  the  liver  is 
the  only  organ  in  which  urea  is  formed,  and  continue' 1  i  I  only 

further  information  as  t><  r  and  importance  of  the  foi 

I  urea  from  ammonium  compounds  n  the  liver. 
/';•/>/"  rfttt  and  Reactions  of  Una     Unu  crystallises  in  needles  or  in 
long,  colorless,  [bur-sided,  often  hollow,  anhydrous  rl  It  has 

a  neutral  reaction  and  produces  a  cooling  sensation  on  the  tongue  like  .sail- 
peter.  It  melts  at  132°  C.  At  ordinary  temperatures  it  1 1  equal 
weight  of  Wat  parts  alcohol;  it  requires  one  paa  I  boihng  alcohol 
-  ilution;  it  is  insr.luUr  in  alcohol-free  StfaST,  SI  in  chloroform. 
If  urea  in  substance  is  heated  in  a  tti  I  tube,  it  ni'-lt- 
ammonia,  and  leaves  finally  a  non-transparent  white  residue  which,  among 

substances,  contains  cyanuric  arid  and  bivnt,  which  latter  dis- 
in  water,  giving  a  beautiful  reddish-violet  liquid  with  copper  sulphate  arid 
alkali  {biuret  reaclion).     I  hi  heating  with  barvla-water  or  caustic  alkali,  also 
in  the  so-called  alkaline  fermentation  of  uri  1  by  mScro-oi 

urea  splits  into  carbon  dioxide  and  ammonia  with  the  addition  of  water. 
ompoflition  products  are  produced  when  urea  is  heated  with 
concentrated  sulphuric  acid.  An  alkaline  solution  of  sodium  hypobromHe 
decomposes  urea  into  nitrogen,  carbon  dioxide,  and  water  according  to  the 
aquation 

CON2H,-f  SNaOBr  -  3NaBr+  C0,+  2H,0+  N\. 

With   a  concentratod  solution  of   furfurol  and  hydrochloric  acid  urea 
in  substance  gives  a  coloration  passing  from  yellow,  green,  blue,  to  violet,. 
and  then  beautiful  purple-violet  after  a  few  minutes  (SdZXfv's  re 
nnoorrhng  t->  Huppebt1  the  test  is  best  performed  by  taking  2  c-c.  of  a 
em  i-d  furfurol  solution,  4-6  drops  of  concentrate  lehJorifl  acid, 

and  adding  to  this  mixture,  which  must  not  be  red,  a  small  crystal  of  urea. 
A  deep  violet  coloration  appears  in  a  few  minutes. 

Urea  forms  crystalline  combinations  with  many  acids.     Among  these 

'ZeHaehr    f    phyMol.  ('hern,  89. 

•Huppert-Neul  inner,  Analyse  das  llarnes,  10.  Aufl.,  296. 
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the  one  with  nitric  acid  and  the  one  with  oxalic  acid  are  the  most 
important. 

I 'kea  NrTRATE,  CO(NHJs.UN04.  On  crystallizing  <niickly  this  com- 
bination forms  t.hin  rhombic  or  six-sided  overlapping  tiles,  or  colorles 
plates,  with  an  angle  of  82°.  When  crystallizing  slowly,  larger  and 
thicker  rhombic  pillars  or  plates  are  obtained.  This  combination  is  rather 
easily  soluble  in  pure  water,  but  is  considerably  less  soluble  in  wat» a 
taining  nitric  acid;  it  may  be  obtained  by  treating  a  concentrated  Batata 
of  urea  with  an  excess  of  strong  nitric  acid  free  from  nitrous  acid.  On 
heating  this  combination  it  volatilizes  without  leaving  a  residue. 

This  compound  may  be  employed  with  advantage  in  detecting  small  amount* 
of  urea.     A  drop  of  the  I  solution  is  placed  on  a  microscope-slide  and 

the  cover-glass  placed  upon  it;  a  drop  of  nitric  acid  \a  then  placed  Ml  :heade 
of  the  cover-glass  and  allowed  to  flow  under.  The  formation  of  crystals  bep'w 
where  the  solution  and  the  nitric  acid  meet.  Alkali  nitrates  may  crystallize 
wry  similarly  to  UM  nitrate  when   tie-,  aminated  with  other  bodies: 

therefore,  in  testing  for  urea,  the  crystals  must  be  identified  as  urea  nitrate  hj 
heating  and  by  other  means. 


Urea  Oxai.atk,  2.CO(NH,),.H,C,04.  This  compound  is  more  spar- 
ingly soluble  in  water  than  the  nitric-acid  compound.  It  is  obtained  in 
rhombic  or  six-shied  prisms  or  plates  on  adding  a  saturated  oxalic-acid 
solution  to  a  concentrated  solution  of  urea. 

Urea  also  forms  combinations  with  mercuric  nitrate  in  variable  propot- 
If   a   very  faintly    acid  mercuric-nitrate  solution  is   added  to  a  2 
nt  solution  of  urea  mixture  carefully  neutralized,  a  com- 

bination is  obtained  of  a  constant  composition  which  contains  for  ••• 
10  parts  of  urea  72  parts  of  mercuric  oxide.     This  compound  serves  as  tl»e 
bosis  of  Liebig  *s  titration  method.    Urea  combines  also  with  salts,  fonnit 
mostly  crystallizable  combinations,  as,  for  instance,  with  sodium  chlorid^' 
with  the  chlorides  of  the  heavy  metals,  etc.     An  alkaline  but  not  a  neutr^^ 
solution  of  urea  is  precipitated  with  mercuric  chlon 


a 


If  urea  is  dissolved  in  dilute  hydrochloric  acid  and  then  an  excess  of  forma 
dchyde  b  added,  a  thick,  white,  granular  precipitate  is  obtained  which  is  difficult 
soluble  and  whose  composition  is  somewhat  disputed.1    With  phutnlfmlrazin*^ 
urea  in  strong  acetic  acid  gives  a  colorless  crystalline  combination  <>{  phenw-*1 

tarbaaid,  C.,II.,\  11.  [,,  which   is  soluble  with  difficulty  in  cold  wat 

and  melts  at  172°  C.  (JajH*), 

The  method  of  preparing  urea  from  urine  is  in  the  main  as  follows:   Co^ 

rate  the  urine,  which  has  been  faintly  acidified  with  sulphuric  acid,  aC 
low  temperature,  add  an  excess  of  nitric  acid,  at  the  same  time  keeping  ttf 
mixture  cool,  press  the  precipitate  well,  decompose  it  in  water  with  freshi^^ 


1  See  Tollens  and  his  pupils,  Ber.  d.  deutsch.  chem.  Geselbct. 
achmi.lt,  (bid.,  99,  and  Cham  CentralbL,  1S'.»7,  1,  33;  Thorns.  Aid.,  2,  144  and  I 
'Zeitechr.  f.  phyaiol.  Cliem..  22 
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precipitated  barium  cartninate,  «lrv  on  tlu-  water-bath,  extract  the  residue 
with  strong  alcohol,  decolorize  when  necessary  with  animal  charcoal,  and 
filter  while  warm.  The  urea  which  crystallizes  on  cooling  is  purified  by 
recryatalfisfttion  Gram  warm  alcohol.  A  further  quantity  of  urea  may  be 
■  'I .tained  from  the  mother-In  |iior  by  concentration.  The  urea  is  purified 
from  contaminating  mineral  bodies  by  redissolving  in  alcohol-ether.  If  it 
is  only  necessary  to  detect  the  presence  of  urea  in  urine,  it  1-  sufficient  to 
concentrate  a  little  of  the  urine  on  a  watch-glass  and,  after  cooling,  tre 
with  an  excess  of  nitric  acid.     In  this  way  we  obtain  crystals  of  urea  nitrate. 

Quantitative  Estimation  of  the  Tola!  Nitrogm  and  Urea  in  Urine.  Among 
the  various  method*  proposed  for  the  estimation  of  the  total  nitrogen,  that 
suggested  by  Kjxldahl  is  to  be  recommended.  But  as  Lisbio'b  method 
f . -r  (hfl  intimation  of  urea  Ls  really  a  method  for  determining  the  total 
ami  as  the  physician  has  not  always  at  hand  the  apparatus  and 
utensils  necessary  for  a  Kjkldahl  determination,  he  often  makes  use  of 
this  method;  hence  both   will  be  given  in  detail. 

Kjklimhl's  method  oonsfeta  in  transforming  all  the  nitrogen  of  the 
organic  substances  into  ammonia  by  beating  with  a  sufficiently  concentrated 
uric  acid.     The  ammonia  Ls  distilled  off  after  supersaturating  with 
alkali  and  the  ammonia  collected  in  standard  sulphuric  acid.    The  follow- 
ing reagents  are  necessary. 

1.  Sulphuric  Acid.  Either  a  mixture  of  equal  volumes  of  pure  concen- 
trate! and  fuming  sulphuric  acid  or  else  a  solution  of  200  grams  phosphoric 
anhydride  it)  1  liter  of  pure  concentrated  sulphuric  acid.  2.  Caustic  sotia  free 
from  nitrates,  30-40  per  cent  solution.  The  quantity  of  this  caustic-soda 
laxy  to  neutralize  10  c.  c.  of  the  acid  mixture  DHUt  be  deter- 
mined. 3.  Metallic  mercury  or  pure  yellow  mercuric  oxide,  <  Else  addition  of 
facilitates  the  destruction  of  the  organic  substances.)  4.  A  pnlassium- 
8ul-pftiii<  solution  of  4  per  cent,  whose  object  is  to  decompose  any  mercujio 
amid  combination  which  might  not  have  evolved  its  ammonia  completely 
daring  th«  distillation  with  caustic  soda.  5.  X/5  sulphuric,  acid  and  N/5 
caustic  potash  solution. 

In  performing  the  determination  5  c.  c.  of  the  carefully  measured  and  til- 
i  urine  is  placed  in  a  long-neck  Kjki-oahi.  flask,  a  drop  of  mercury  or 
about  0.3  gram  of  mercuric  oxide  added,  and  then  treated  with  10-15  c  e.  of 
rang  sulphuric  acid.   The  contents  are  heated  very  carefully,  placing  the 
flask  at  i  until  they  just  begin  to  boil  genth  .  linmilfor 

about  half  an  hour  after  the  s  colorless.    On  eoohng  the  con- 

ed to  a  voluminous  distilling-nask,  carefully  washm 
oahl  flask  with  water,  and  the  greater  part  of  the  acid  Ls  neutral i/.cd 
by  ■■  "da.       A   few  zinc   shavings   are  added    to    prei  I    rapid 

lit  on  on  distillation,  and  then  an  excess  of  caustic-soda  solution  which 
has  i  ton  30   10  c.  c.  of  the  potassium  -mi  I  pi  iidt 

lion.    The  Bask  is  quickly  connected  wW  and  all  the 

ammonia  distilled  off.     In  on]  revent  loss  of  ammonia  it  is  best  to 

lower  the  end  of  the  exit-tube  bel  urface  of  the  acid,  and  the  regur> 

citation  of  the  acid  is  prevented  by  having  a  bulb  blown  on  the  exit-tube. 
Not  less  than  25  30  C  C.  of  the  standard  acid  is  used  for  i  c.  of 

■urine,  and  on  completion  of  the  distillation  die  acid  is  ret  it  rated  with  S  r> 
>i,   using   rosolic  acid,    tincture   of    cochineal    or   la&noid    as 

icator.     l^ach  cubic  centimetre  of  the  acid  corresponds  to  2.8  mill i 
nitrogen.    As  a  control  and  in  order  to  see  the  purity  of  the  reagents,  or  tOj 
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eliminate  any  error  caused  by  an  accidental  quantity  of  ammonia  in  the 
air,  we  always  make  a  blank  deb  i initiation  with  the  reageri' 

LnSBIQ'fl  METHOD  ■  based  UOOO  the  fact   that  a  dilute  solution 
curie  nitrate  under  propel  conditions   precipitates  all    the    urea   fr 

ii.n,  forming  a  compound  of   constant  composition.     Afl  indicator. i 
soda  solution  or  a  thin  paste  of  sodium  bicarbonate  An  <v 

mercuric  nitrate  produce-*  herewith  a  yellow  or  yellowish-brown  conibiua- 
ticn.  while  thfl  combination  of  urea  and  mercury  is  white.      Pflugei 
given  full  particulars  of  this  method;  therefore  we  will  describe  Pfluges's 
modification  of  LusBIO'fl  method. 

Aa  phosphoric  acid  is  also  precipitated  by  the  mercuric-nitrate  solution,  thi- 
must  I"'  i  'tn  tlm  uririp  by  the  addition  of  a  baryta  boIuI 

tion.     It  14'  ted  thai  the  acidity  produced  b>  the  mercury  sol 

be  neutralized  during  titration  by  the  addition  of  a  soda  solution.     The  liquids 
nary  for  the  titration  an:  the  following: 

1.  Maruric-nilrutf  Solution.     Tim  solution  is  oalculstl  d  for  a  2  per  rent  utwi 
solution,  and  20  c.  c  of  the  first  should  correspond  to  10  <  Each 

cubic  centimeter  of  the  ooercurj  solution  correspoada  to  0.01  gram  urea.  Asi 
small  excess  of  HgO  is  necessary  in  the  urine  to  cause  tin  (frith 

alkali  carbonate  or  bicarbonate)  to app  rof  the  met 

solution  mnsl  contain  0.0772  instead  of  0.0720  gram  Bgi »       I  my  wlutioo 

contains  therefore  77.2  grams  HgO  in  1  liter. 

The  solution  may  be  prepared  from  pure  mercury  or  mercuric  oxide  by  da- 
solving  in  nitric  acid.    The  solution,  freed  u  completely  as  possible  from  an 

acid,  is  diluted  by  the  careful  addition  of  water,  stirring  mean' 
until  it  has  •  Specific  gravity  of  1.10,  Of  a  little  higher,  at  20°  C.     Toe  solution 
is  standardized  with  a  J  pfli  cent  solution  of  pure  urea  which  has  been  dried  ow 
sulphuric  said  and   the  operation  conducted  as  will  be  described  later.    If  uV 
solution  is  too  'led.  it  is  corrected  by  the  careful  addition  of  thencrtMBlT 

amount  of  water,  avoiding  the  precipitation  of  the  basic  salt  sod  titrating  aprift- 
The  solution  is  correct,  if  1 9.8  0.  e.  of  it,  added  at  once  to  10  c.  c.  of  the  urtl 
solu*  •     1 1-12  c.  c.  or  more)  of  normal  soda  solution  necesarr 

to  nearly  completely  neutralize  the  liquid,  gives  the  final  reaction  wheti  exactly 
20  c.  c.  of  the  mercury  solution  has  been  employed. 

2.  Baryta  Solution.     This  consist*  of    1  vol  of  barium  nitrate  and   2  Yokof 
barium-hydrate  solution,  both  saturated  at  the  ordinary  temperat 

'A.  A  lurion.    Tins  solution  contains  63  grams  of  pure  anbyuV>Bs 

sodium  carbonate  in  1  litre  of  water.  According  to  PtlDobb  a  solution  havinr 
a  specific  gravity  of  1.053  is  sufficient.  The  amount  of  this  soda  solution  nertf- 
aary  to  completely  neutralise  the  during  the  titration  it 

by  titrating  with  a  pun-  2  per  ecnt  urea  solution.  To  facilitate  operations  I 
ring  the  quantity  of  :;oda  solution  necessary  when  from 
vury  solution  is  used. 

"Before  the  titration  the  following  must  be  considered.     The  chlorides  of 
the  urine  interfere  with  the  titration  in  that  a  part  of  the  mercm 
is  transformed  into  mercuric  chloride,  which  does  not  precipitate  the  urea 
The  chlorides  of  the  urine  are  therefore  removed  I-  r-uitrate  solu- 

tion, which  also  removes  any  bromine  or  iodine  eombi  may 

iriue.    If  the  urine  contains  proteid  in  not 
must  be  removed  by  coagulation  and  the  addition  of  act  ti  care 

must  be  taken  that  the  concentration  and  the  volume  of  the  urine  ar 
changed  during  these  operations.    If  the  urine  contains  ammonium  car* 

•Pfliiger,  and  Pfluger  and  Bohland,  in  Pfluger S  Arch.,  21.  16,  37.  and  W. 
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bonate  in  noticeable  quantities,  caused  by  alkaline  ferment  at  ion,  this  titra- 
tion method  cannot  be  applied.  The  iii!  i  urine  containing  leucin, 
lyrosin,  or  medicinal  preparations  precipitated  by  mercuric  nitre 

In  cases  where  the  urine  is  free  from  proteid  ursuir.tr  and  not  specially 
poor  in  chlorides,  the  quantity  of  urea,  and  also  the  approarimate  quai 

i^rcuric  nitrate  necessary  for  the  titration,  may  1>i*  learned  from  (he 
specific  gravity.  A  specific  gravity  of  1.010  corn's  pom  Is  to  ahout  Id  p  m., 
a  specific  gravity  of  1.015  generally  somewhat  less  than  If)  p.  in  .  and  a 

ific  gravity  of  1.015-1.020  alxmt   15-20  p.  m.  urea.     With  a  sp< 
gravity  higher  than  1.020  tin-  urine  generally  contains  more  than  20  p    m. 
of  urea,  and  above  this  point   tin-  amount   ,.f  urea  increases  much   | 
rapidly  than  the  sj>ecific  gravilv  .  B0  that  with  a  specific  gravity  of  1.080  it 
I   40  p.  m.  urea.    Fever-urines  with  a  speeifie  gravity  above 
1.020   .  metimes  contain  :i0-40  p.  m.  urea,  or  even  more. 

PbjSPARJlXIOM  roa  the  Titration.     If  a  large  amount  of  urea  is  sus- 
pected from  a  high  specific  gravity,  the  urine  must  first  be  diluted  with  a 
ully  measured  quantity  of  water,  so  that  the  amount  of  urea  is  re- 
below  30  p.  m.     In  a  special  portion  "f  the  same  urine  the  amount  of 
rid  rmined  by  one  of  the  methods  which  will  be  give  md 

the  number  of  cubic  centimetres  of  silver-nitrate  solution  necessary  is 
oted.    Then  a  larger  quantity  of  urine,  say  100  c.  c,  is  mixed  with 
or,  if  this  is  not  suflicicn:  ipitate  all  the  sulphuric  and  pin- 

vith  an  equal  volume  <<\  the  baryta  solution;  it  is  then  allowed 
nd  a  little  while,  and  the  precipitate  is  filtered  through  a  dried  fil 
From  the  filtrate  containing  the  urine  diluted  with  water  a  proper  quan- 
tity, corresponding  to  about  60  c.  c.  of  the  original  urine,  i-  measured,  and 
exactly  neutralized  with  nitric  acid  added  from  a  burette.  B0  that  the  exact 
quantity  employed  Is  known.  The  neutralized  mixture  of  urine  and  baryta 
is  treated  With  the  proper  quantity  of  siber-nitratc  solution  necesaai 
completely  precipitate  the  tlbl  Inch  were  ascertained  by  a  previous 

fttion.  The  mixture,  containing  a  known  volume  of  urine,  is  now 
filtered  through  a  dried  filter  into  a  flask,  and  from  the  filtrate  an  amount 
is  measured  olf  corresponding  to  10  c.  c.  of  the  original  urine. 

Execution-  of  the  Titration.  Nearly  the  whole  quantity  of  the  mer- 
curic-nitrate solution,  which  is  judged  from  tin-  specific  gravity  ol  the  urine 
to  be  the  minimum  amount  required,  ifl  added  at  once,  an«i  Unmedi 
afterwards  the  quantity  of  soda  solution  necessary,  as  indicated  by  the 
table.  If  the  mixture  becomes  yellowish  in  color,  then  too  much  mercury 
solution  has  been  added  and  another  determination  must  be  made.  If  the 
test  remains  white,  and  if  a  drop  taken  out  and  placed  on  a  glass  plate 
with  a  dark  background  and  stirred  with  a  drop  of  a  thin  paste  of  sodium 
bicarbonate  does  not  give  a  yellow  color,  the  addition  of  mercury  solution  Is 
continued  by  adding  j  and  then  yV  c.  c.  and  testing  after  each  addition  in 
the  follov  A  drop  of  the  mixture  is  placed  on  a  glass  plate  with  a 

dark  background  beside  a  small  dmp  of  the  bicarbonate  paste.    If  the  color 
after  stirring  the  two  drops  together  is  still  white  after  a  few  seconds, 
mercury  solution  must  be  added;  if,  on  the  contrary,  it  is  yelta 
then — if  not  too  much  mercury  solution  has  been  added  by  inattention — 
result  to  Aj  c.  c.  has  been  found.     By  this  approximate  determination, 
which  is  sufficient  in  many  cases,  we  ha  d  the  minimum  amount  of 

mercury  solution  necessary  to  add  to  the  quantity  of  urine  in  quesl 
and  we  now  proceed  to  the  final  determination. 
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pond  quantity  of   the  filtrate,  corresponding    to   10  c.  c.  of  the 
original  urine,   is   filtered,   and   the  same  quantity  of    mercur. 
added  at  one  time  as  was  found  necessary  to  produce  the  final  reaction, 
and    immediately    after    the   corresponding    amount    of    soda    eoto 
which  must  BOt  indicate  the  end  of  the  reaction.     Then  continue  adding 
the  mercury  solution   ,'0  c.  c.  at  a  time  without  neutrali.-  soda, 

until    a     drop  taken    out    and    mixed    with    the    soda  soli 
yellow   coloration.      If    this    final    reaction   is    obtained    after  the  a*J.. 
of  0.1-0.2  c.  c,   then  the  titration   may  be  considered    as  finished     If, 
on  the  contrary,  a  larger  quantity  ■  necessary,  the  addition  of  the  mer- 
solutioti   must  Ik*  continued   until  a  final  react  in:  dned  with 

simple  oaibooate,  and  the  titration  repeated  again,  adding  the  quan- 
tity of  mercury  solution  used  in  the  previous  test  at  one  time,  sol 
also  adding  the  corresponding  amount   of  soda  solution.     Tf  then  the  cud 

(ion   is    obtained    by  the    addition    of -^  c.   C,  the   titration   may  he 
considered  as  finished. 

If  in  each  titration  a  quantity  of  filtrate  containing  urine  and  baryta 
corresponding  to  10  c.  o,  of  the  original  urine  is  used,  wen  the  calculations 
are  very  simple,  since  I  c.  c.  of  men-uric-nitrate  solution  eon 
0.01  gram  of  urea.  As  the  mercury  solution  Is  made  for  a  2  per  cent  urea 
solution,  and  as  the  filtrate  of  urine  and  baryta  generally  contains  1« 
urea  (if  the  qui  f  urea  is  above  2  per  cent,  it  is  easy  to  avoid  snj 

take  by  diluting  the  urine  at  the  beginning  of  the  operation),  a  D 

which  can  be  corrected  in  the  following  way,  ae< 
I'fi.ucek:    To  tfe  nod  volume  of  the  filtrate  from  the  urine 

filtrate  with  baryta  after  neutralization  with  nitric  acid,  precipil 
silver  nitrate  and  filtration)  the  quantity  of  normal  soda  solution  Imp 
is  added,  and  from  this  sum  the  volume  of  mercury  solution  used  is  sub- 
tracted.   The  remainder  is  then  multiplied  by  0.08,  and  the  product  sub- 
tracted  from  the  number  of  cubic   centimeters  of  mercury  solution  avd. 
For  example,  if  the  filtrate  (urine  and  baryta  4-  nitric  acid  4- silver  nil 
measured  25.8  a.  c,  and  the  number  of  cubic  centimeters  of  soda  s«»! 
used  in  the  titration  was  L8.8  C  c,  and  of  the  mercury  solution  20 
have  (hen  20.5 -[(39.fi -20.5)  X0.0N]  =20.5-1.53=  18.1)7.  and  the  COTOStd 
quantity  of  mercury  solution  is  therefore  18.97  c.  c.    If  the  cubic 
meters   of    the  filtrate  (in  this  case  25.8  c.  c.)  correspond  to 
the  original  urine,  then  the  amount  of  urea  is  18.97x0.01  =  0.1V 
p.  m.  urea. 

Besides  the  urea  other  nitrogenous  constituents  of  the  urine  arc  : 
tated  by  the  mercury  solution.      In   the  titration  we  really  do  I 
the  quantity  of  urea,  but,  as  PflOgkr  has  shown,  the  total  qi 
nitrogen  in  the  urine  expressed  as  urea.    A-  urea  contains  n 

total  quantity  of  nitrogen  in  the  urine  d  calculated 

quantity   of  urea  found.     The   results   obtained  by  this    ca 

and  well,  according  to  PflOobb,  with  the  results  found  for  UV 
nitrogen  as  determined  by  Kjxldahl^b  method. 

Among  the  methods  suggested  for  the  special  estimation  of  urea,  that  w 
Moi;xkh-Sj('kjvjst.   in  D   with    Foun's   W  is   perhaps ''^ 

trthj  and  readily  performed.     For  this  reaso 
will  be  given  in  detail,  while  we  must  special  works  for  the  ouVr 
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Is,  such  as  ]  ■  method  with  its  many  modifications  as  sug- 

by  Pfliger,  Uoqlaxd  and  B  Btr.1 

Principle  of  Morn, r-S jurist's  Method**  According  to  this  method  the 
nitrogenous  constituents  of  the  urine,  with  the  exception  of  urea,  ammonia, 
hippuric  acid,  creatinine,  and  traces  of  allautnin  are  precipitated  by  a  mix- 
ture of  alcohol  and  ether  after  the  addition  of  a  solution  of  barium  chloride 
and  barium  hydrate  or  in  Um  IJfUDunte  of  sugar  with  Solid  barium  hyi Irate. 
The  urea  is  determined  in  the  concentrated  filtrate,  after  driving  off  the 
ammonia,  by  Kjeldahl's  nitrogen  estimation.  1  -  Ctt  of  the  alight  error 
due  to  the  presence  of  hippuric  acid  and  creatinine,  several  modifications 
have  been  suggested  by  S\l\<kin  and  Zm.f.ski  and  l>y  Hkaj-n-tkin-1 
These  errors  are  best  prevented,  according  to  Mobxer,  by  the  use  of 
FOLQt'a  met! i 

Principle  of  Folin's  Method.1  On  heating  urea  with  hydrochloric  acid 
and  crystalline  magnesium  chloride,  which  melts  in  its  water  of  crystalliza- 
tion at  112-115°  C,  and  then  boils  at  al>out  loO-loo0  C,  the  urea  is  com- 
pletely decomposed,  while  no  mentionable  decomposition  of  the  hippuric 
acid  and  creatinine  takes  place.  The  ammonia  produced  from  the  urea  is 
distilled  off  and  determined  by  titration.  The  amount  of  ammonia  pre- 
viously existing  in  the  urine  must  be  specially  determined. 

Determination  of  Urea  by  the  Morncr-Sjdqvitt  and  FoHtl  M>  'hod}  Fivec.  c. 

of  the  urine  are  treated  with  L5  grama  of  powdered  barium  hydroxide,  and 

when  as  much  of  this  is  dissolved  as  possible  by  gently  mixing. 

cipiiated  by  100  c.  c.  of  the  alcohol  and  ether  mixture  [\  vo  On 

following  day  it  is  filtered  and  the  precipitate  washed  with  the  alcohol 

ture.     The  alcohol  and  ether  are  distilled  off  from  the  filtrate 

lot  above  60°  C).    The  remaining  liquid  is  treated 

of  hydrochloric  acid  of  sp.  gr.  1.12-1  (for  5  c.  c.  urine),  and  I  ■nrefully 

transferred  Los  Bask  of  200  c.  c.  capacity,  and  evaporated  to  dryness  on 

the  water-hath.     Then  add  20  stalline  magnesium  chloride  to 

Qie  contents  of  the  flask  and  2  e.c.ol  L,  and  boil 

gauze  over  roper 

After  cooling  it  is  diluted  to  about  \  to  I  liter  of  water,  the 
ammonia  completely  distilled  off  after  making  it  alkaline  with  caustic  soda, 
and  the  ammonia  co  ard  acid.    After  boiling  io  drive 

off  the  00]  and  cooling  Oorrecl 

the  ammonia  of  the  uri  in  the  magnesium  chloride. 

If  a  special  determination  of  the  preformed  BBUD  l>een  made,  then  a 

direct  treatmen  urine  according  to  Poi  rerthelees  after  I 

of  the  urine  with  hydrochlori  ^ives  good  results.    In  the  preset 

>  POQger's  Arch.,  38,  43,  and  44. 

•  and.  Arch.  f.  Physiol.,  2.  and  Murncr,     bid  ,   14,  where  the  recent  literature 
may  also  be  found. 

1  Branatem,  Zcitschr.  f.  physiol.  Chem.,  31;  Salaskin  and  Zaleski,  %lml.,  2S. 
*  Zeiutclir.  f.  phi  I   and  37. 

'See  Stand.  Arch.  f.  Physiol,  14. 
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sugar  the  treatment  of  the  urine  with  barium  hydroxide  is  absolutely  nacasarr 
'ding  to  MoBNSB,  otherwise  the  humin  sulwtanees  produced  from  the  stipa 
take  up  and  retain  nitrogen. 

Ks' •■■-Hi  'I1  ia  based  on  the  fart  thai   un-u.  by  the  U 

i!ii  hypofaromhe,  spUta  into  water,  carbon  dioxide  (which  dissolves  ia  tf» 
alkali),  and  nitrogen,  whose  volume  is  measured  (see  page  473).     Thw  a 
is  less  accurate  loan  tin-  preceding  ones,  and  therefon  work  H  w 

discarded.     It   ia  of  value  to  th  d  and  for  practical  purposes,  because 

of  (he  ease  and  rapidity  with  which  it  may  be  performed,  even  though  it  any 
not  give  very  aocurate  results.  For  practical  purposes  a  aerie*  of  different  ajifia- 
ratus  have  been  ^instructed  to  facilitate  the  use. of  this  metl 

Fur  the  quantitative  <■-  nrn.'iin.n  of  urea  in  blood  or  other  animai 
as  well  m  hi  the  tissues,  SchOndorw  has  proposed  a  method  where  the 
protei'ls  Mini  extractives  are  first  precipitated  by  a  mixture  oi 
turn  I  and  hydrochloric  acid,  and  then  the  filtrate  made  alkaline 

with  lime.     The  (plant iiy  .if  ammonia  formed   on  heating  a    pa 
filtrate  to  150°  C.  with  phospnorie  acid  ami  the  amotml  ioxide 

prodnosd  by  heating  the  other  part  to  150°  C.  are  determined.  In  regard 
to  the  principles  of  tibia  method]  U  well  as  to  the  details,  we  refer  to  the 
original  articl  PfLtti  .k's  Arch.,  62).  See  also  Hoi'i'K-SKvi.KR-THitt- 
fkldku's  Ilandlmch.,  7.  Aufl. 

Urein  is  the  on  me  given  by  Ovn>  Moor  to  a  product  which  he  obtained  by 
extract  Sag  the  urine,  which  had  been  evaporated  to  a  syrup,  with  absolute  alcohol 
and  precipitating  the  urea  with  alcohol  containing  oxalic  acid,  or  by  cooling  and 
treatment  with  alcohol  Urein  is  a  golden-yellow  oil  which  a  joisonous;  it  n- 
dures  jH-rmanganate  in  the  cold  and  it  forms  the  chief  portion  oi  the  nitrogcMM 
extractives  of  the  anna.  There  is  no  doubt  but  that  urein  is  a  mixture  of  Rib- 
stances.  According  to  Moor,2  the  amount  of  urea  in  the  urine  is  only  shoot 
i.ilf  thai  ordinarily  given,  and  he  has  suggested  a  new  method  for  the  dettf' 
mination  of  the  true  quantity  «.f  urea.  The  possibility  that  in  the  urine  we  haw 
other  bodies  besides  urea  which  have  been  determined  with  the  urea  must  not 
be  denied  a  priuri.  From  the  investigations  published  thus  far  it  must  he  aid 
that  Moor's  assertions  are  not  sufficiently  grounded.' 

Carbamic  Acid,  CII,N03-CO<qjjj.     This  acid  is  not  known  in  the  free  flat*, 

but  only  as  salts.     Ammonium  <-arbarnate  us  produced  by  the  action  of  dry  ammo- 
irbon  dioxide.     Carbarn ir.  acid  is  also  produced  by  the  action  of 
potassium  pen  <■  on  protcid  and  several  "tl  nous  organic  bediw. 

The  OOOUnenee  Of  carbamic  acid  in  human  and  animal  urine*  has  abwh" 
bean  considered  in  connection  with  the  formation  of  urea.  The  calcium  salt,  wat<* 
is  soluble  in  water  and  ammonia  but  insoluble  in  alcohol,  is  the  >rtaflt 

in  the  detection  of  this  acid.     The  solution  of  the  i  .toibbj 

cloudy  00  standing,  but  much  quicker  on  boiling,  and  ealcium  carbonate  tfp** 
rates.     Now '  has  made  investigationa  on  the  formation  and  .: 
bamir  acid,  which  question  the  Bpecial  physiological  origin  of  carbai 

1  Knop.  Zcitschr.  f.  analyt.  Chem.,  9;   Hiifner,  Joum.  f    prakt.  Chem.  (S 
In  regard  to  the  extensive  literature,  see  Huppert-Xeubauer,  10  .  and  folc*» 

ing. 

1  O.  Moor,  Bull.  Acad,  de  St.  Peterebourg,  14  (also  Maly's  Jahreaber.,  II,  (MR 
and  Zcitachr.  f.  Biologic,  44,  and  Zeitschr.  f.  physiol.  Chem.,  in 

•See  Knhiabko,  Maly  a  Jahreaber.,  31,  415;    Erben.,  Zeitechr.  I  !    flam* 

88;  Folin,  i  bid.,  37. 

♦Zeitschr.  f.  physiol.  Chem,  23. 
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Carbamic  acid  cthylcHcr  (urethan),  as  shown  by  Jaff^,1  may  pass,  by  the 
mutual  action  of  aleonol  and  urea,  into  the  alcoholic  extract  of  the  urine  when 
working  with  large  quantities  of  mil 

,NH CO 

■      Creatinine,  C4H7NtO,  or  NH:C<^  I      ,  is  generally  considered  as 

\\(CUS).C113 

,  tiie  anhydride  of  creatine  (see  page  383)  found  in  the  muscles.     It  occurs 

human  urine  and  in  that  of  certain  mammalia.    It  has  also  been  found 

in  ox-blood,  milk,  though  in  very  small  amounts,  and  in  the  flesh  of  certain 

Johnson's  statement  that  i  ine  is  different  from  that  pro- 

duced by  the  action  of  acids  on  creatine  is  incorrect  according  to  Toi*felii»  and 

POMMKRBHNK,    WOERNKR  atul   THKI.EN.3 

The  quantity  of  c  eatinine  in  human  urine  is,  in  a  grown  man  voiding  a 
normal  quantity  of  urine  in  the  course  of  B  day,  0.6-1.3  grams  (Nw  BATJKB)| 
or  on  an  average  1  gram.  JoSNSOB  a  found  1.7-2.1  grams  per  day.  The 
quantitv  ia  dependent  on  the  food  and  decreases  in  starvation.  Sucklings 
do  not  generally  eliminate  any  creatinine,  and  it  only  appears  in  the  urine 
when  the  milk  is  replaced  by  other  food.  The  quantity  of  creatinine  in 
urine  varies  as  a  rule  with  the  quantity  of  urea,  although  it  is  increased 
more  by  meat  (because  the  meat  contains  creatine)  than  by  protekL  Gw  ■■ 
Moitessier,  and  Gregor  claim  that  the  elimination  of  creatinine  ■  in- 
creased by  muscular  activity,  but  according  to  Oddi  and  Tarulli  *  this  is 
only  true  for  excessive  activity.  The  behavior  of  creatinine  in  disease  is 
little  known.  By  increased  metabolism  the  amount  is  increased,  while  by 
decreased    exchange    of    material,    as    in    amernia    and    cachexia,    it    is 

Eminished. 
Creatinine  crystallizes  in  colorless,  shining  nionoelinic  prisms  which 
ffer  from  creatine  crystals  in  not  becoming  whit*  with  loss  of  water  when 
»tcd  to  100°  C.  It  dissolves  in  11  parts  cold  water,  but  more  I 
..arm  water.  It  is  difficultly  soluble  in  cold  alcohol,  but  the  statements 
in  regard  to  its  solubilit  ies  differ  widely.'  It  is  more  soluble  in  warm  alcohol 
and  nearly  insoluble  in  ether.     In  alkaline  solution  creatinine  is  converted 

rto  creatine  very  easily  on  warming. 
Creatinine  gives  an  easily  soluble  crystalline  combination  with  hydro- 
chloric acid.     A  solution  of  creatinine  acidified  with  mineral  acids  gives 

■      ' Zeitochr.  f.  physiol.  ('hem.,  14 
1 S.  Johnson,  Proceed.  Roy.  Soc.,  42,  43;    (''hem.  News,  &o;  Toppelius  and  Pom- 
mcr.  h.  f.  Pharm..  234;   Woerner,  Du  Hots-Reymond'a  Arch,,  1898. 

^•  Huppert-Neuliauer,  Harnanalyse,  10.  Aufl.,  387. 
♦Grocco,  see  Maly's  Jahresber..  16;   Moitesaier,  ibid.,  21;    Oddi  and  Tarulli,  ibid., 
;  Gregor,  Zeitschr.  f.  phyaiol.  Chciu..  31. 
*See   Huppert-Ncubaucr,    10.    Aufl.,    und   Hoppc-Scyler-Thierf elder's    Handbuch, 
7  Aufl. 


182 


URINE, 


crystalline  precipitates  with  phosphotungstic    or   phosphomolvbdic   acid 
even  in  very  dilute  solutions  (1:10,000)  (Kebotb,  Homsa 

urea,  by  mercuric-nitrate  solution  and  also  by  mercuric 
chloride.  On  treating  a  dilute  creatinine  solution  with  sodium  aceut*  and 
kfaan  with  mercuric  chloride  a  precipitate  of  glassy  globules  having  the 
composition  4(04H7N/>.H(3.HgO)3HgClJ  separates  on  standing  some  time 
(Johnson).  Among  the  compounds  of  creatinine,  that  with  rim 
crcatinint  zinc-chloride,  (f-4Hr\,<  )),Znf'l,.  is  of  special  interest.  This  com- 
bination Is  obtained  when  a  sufficiently  concentrated  solution  of  creati- 
nine in  alcohol  is  treated  with  a  concent  rated,  faintly  acid  BOlut 
zinc  chloride.  Free  mineral  acids  dissolve  the  combination,  hence  they 
must  not  be  present;  this,  however,  may  be  prevented  by  an  addition  of 
sodium  acetate.  In  the  impure  state,  as  ordinarily  obtained  from  unnc, 
creatinine  zinc-chloride  forms  a  sandy,  yellowish  powder  which  under  the 
microscope  appears  as  fine  needles  forming  concentric  groups,  mostly  com- 
plete rOSettea  or  yellow  balLs  or  tufts,  or  i  is  brushes.  On  si 
crystallizing  or  when  very  pure,  more  sharply  defined  prismatic  crystal! 
are  obtained.    This  combination  la  sparingly  soluble  in  wat 

Creatinine  ads  as  a  reducing  agent.  Mercuric  oxide  is  reduced 
metallic  mercury,  and  oxalic  acid  and  methvlguanidine  ( methyl iiramii 
are  formed.  Creatinine  also  reduces  cupric  hydrate  in  alkaline  sol 
forming  a  colorless  soluble  combination,  and  only  after  continuous  boiling 
with  an  excess  of  copper  salt  is  free  suboxide  of  copper  formed.  Creatinine 
interferes  with  Trmmmf.h's  test  for  sugar,  partly  because  it  has  a  red 
action  and  partly  by  retaining  the  copper  suboxide  in  solution.  The  com- 
bination with  copper  suboxide  is  not  soluble  in  a  saturated  soda  solution,  and 
if  a  little  creatinine  is  dissolved  in  a  cold  saturated  soda  solution  awl 
then  a  few  drops  of  Fun  i  I  added,  a  white  ft  oculei  I  oaabito* 

tion  separates  after  heath,  «i0°  C.  and  then  cooling  (v.  Mabct 

lion).     An  alkaline  bismuth  e  ee  Sugar  Tests)  is  not  reduced 

by  creatinine. 

If  we  add  a  few  drops  of  a  freshly  prepared  very  dilute  sodium  nitro-pr 
side  solution  (sp.  gr.  1.003)  to  a  dilute  creatinine  solution  (or  to  the  urine)  i 

■  few  drops  of  caustic  soda,  a  ruby-red  liqti  lined  which  qxiickly 

turns  yellow  again  (Wkvi.'s1  reaction).     If   the  cold    yellow  solution* 
neutralized  and  treated  with  an  excess  of  acetic  acid  a  crystalline  prccif 
tate  of  a  oitroso  compound  (t',l[(..\,<  u  of  creatinine  separates  on  stir 
(Kiumm  *).     If.  on  the  contrary,  the  yellow  solution  is  treated 

acetic  acid  and  heated,  the  solution  becomes  ft  and 


1  Earner,  Pfliiger'B  Arch  ,  2;    Hofmeister,  Zeitschr.  f.  pbysioL  Chem.,  &> 
5  Zeit-sohr.  f.  analyt.  Cln;in.,  17. 

il.  deutech.  chem.  Gescllsch..  11. 
'Centralbl.  f.  d.  med.  Wissensch.,  1897. 
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blue  (Salkowrki  ');  finally  a  preripitato  of  Prussian  blue  is  obtained.     If  a 
ion  of  creatinine  in  water  (or  urine)  is  treated  with  a  water; 

md  a  few  drojia  of  a  dilute  caustic-soda  snlutiou,  a  nil  colora- 
tion lasting  s<  UEB  OCCUES  immediately  at.  the  ordinary  temperature, 
which  turns  yellow  on  the  addition  of  acid  (JaivA's1  reaction).      Ace- 
tone gives  a  more  reddish-yellow  color.      Dextrose  gives  with  thi 
a  reel  coloration  only  after  heatim.'. 

In  preparing  oreatitlilM  from  urine  the  creatinine  zinc-chloride  is  first 

prepa  irding  to  ]  EBfe"  method.    One  liter  or  more  of  urine  is 

1  with  milk  of  time  until  alkaline  and  then  Gad  tdded 

until  all  the  phosphoric  a<  i  The  filtrate  ated  tOS 

Syrup  after  faintly  acidifying  witii  •>  h  i  •  ucid  and  this  treated  while. still  warm 
liol  (about  200  c.  c.  for  each  liter  of  urine).     After 
ah"iit   twelve  hoim  i<   ifi  filtered  ami  the  filtrate  treated  first  with  a  little 
solium  a  1  then  with  an  acid-free  zinc-chloride  solution  <>f  a  n 

y  of  120  (about  2  c.  c.  for  each  liter  of  urine).      After  thorough  stir- 
ring it  is  allov.  tend  forty-eight  hours,  the  precipitate  OoDeeted 

and  washed  with  alcohol.      The  creatinine  zinc-chloride  is  diss«:ilved 

it  water,  boiled  with  lead  oxide,  filtered,  the  filtrate-!  id  by 

animal  charcoal, evaporated  to  dryness,  and  the  residue  extracted  with  strong 

■  '1  (which  leaves  the  creatine  undissolved).      The  alcoholic  extract  is 

•rated    to    the    point    of   crystallization,    and    [he    crystals    purified    by 
ion  from  water. 
Creatinine    may    also   be    prepared    from    urine   by    precipitating   with 
a  mercuric-chli-ride  solution  according    to   either    MaLy'.s    or  Johnson's4 

(process. 
The  quant  it  nation  of  creatinine  may  be  performed  according  to 

method  for  the  preparation  of  creatinine  or  more  simply  by 
Salkowbki's*  modification  of  this  method.  240  c.c.  of  the  urine  rreed  from 
protead  (by boiling  with  acid)  and  6  n  (by fen  on  with  yeast) 

are  made alkaline  with  milk  of  lime,  and  precipitated  by  CaQ,  and  ma 
to  300  c.  c.     2.50  c.  c.  (  =  200  e.  0.  urine)  of  this  are  D  ■    VBd  off.  neutralized 

or  made  only  faintly  acid  with  acetic  acid  and  evaporated  to  about  20c.  c.. 
thoroughly  stirred    with  an  equal  volume  of  al>sohite  alcohol,  and 
completely  transferred  to  a  100  c.c.  flask  which  *  iohol, 

the  residue  in  the  dish  being  washed  with  alcohol.     On  thorough  shaking 
and  cooling,  the  flask  is  filled  up  to  the  100  c.  r.  mark  with  absolv 
and  allowed   to  stand   twenty-four  hours.     SO  c.  c.  (=100  c.  c.  urine)  of 
the  filtrate  ar  ed  in  a  beaker  and  treated  with  0.5-1  unc- 

chlorl  tion,  and  the  covered  beaker  is  left,  standing  in  a  cool 

lays.    The  precipitate  is  collected  on  a  small  dried 
weighed  filter,  the  filtrate  to  wash  the  crystals  from  th< 

After  allowing  the  crystals  to  i  drain  off.  they  an-  washed  with 

a  little  alcohol  until  the  nitrate  gives  no  reaction  for  chlorine,  and  dried  at 


1  Zeitschr.  f.  physioL  Chan  ,  I. 
■  Ibid.,  Ml. 

•Ann.  d.  Chan.  u.  Phann.,  110. 

*Maly,  Annnl.  d.  Chan  a.  Pharm.,  LBfr;  Johnson,  Proceed.  Hoy.  Soc.,  41. 

»Ztiuchr.  f.  piiyuiol  Chem  .  10  and  1 1. 
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1(K)°  C.    100  parts  of  creatinine  zinc-chloride  contain  62.44  parts  of  creatinine 
As  the  preoij  never  quite  pure,  the  qua  roust  be  car*. 

fully  determined,  in  exact  experiments,  by  evaporating  wtl 

i  inir.  washing  the  oxide  of  bum  with  water  (to  remove  iryuM 

heating,  and  weighing.    22.4  parte  noc  oxide  correepond   ti.   LOO 
creatinine  zinc-chloride.     Instead  of  weighing,  the  nitrogen  I 
mined  by  Kjeldahl's  method  and  the  ereatinini 

In  regard  to  other  methods,  see  the  works  of  KOLISCS  and 

Xanthocreatinine,  CBH,0N4O.    This  body,  which  was  first  prepared  from 

in,  has  been  found  by  Monaki  in  dog 'a  urine  atter  the  injection 
of  ere  into  the  abdominal  cavity,  and  in  human  urine  after  several  boura 

of  exhausting  marching.     According  to  Colasanti  i  to  a  relatr 

extent  in  Bon's  mine.    Stadtuagen  :  cocaM  ••lated 

from  human  urine  after  strenuous  museular  activity  as  impure  cr 

Xanthocreatinine  forms  thin  sulphur-yellow   |  tmQar  to  rhnleeteria, 

whieb  bare  a  bitter  taete.    it  dJeaolvea  En  eotd  water  and  in  alcohol,  awl  pn» 

a  crv  i  dline  combination  with  i  tic  aeid  and  a  double  compound  with 

gold  and  platinum  chloride.     It  gives  a  combination  with  line  chloride,  wluch 

dhzes  in  line  needles.     Xantnocreatinine  has  a  poisonous  act: 

1I.\     ' 

Uric  Acid,  Ur,  CsH4N40„  2,  6,  S-trioxypurin  =  OC    0—  Nik 

prepared  synthetically  by  Horbaczewbxi  by  fusing  urea  and  glycocoU 
or  by  heating  triehlorlactic  aciil  amide  with  an  excess  of  urea.  Behbeto 
■nd  RnnHWW  prepared  it  from  isodiahlrie  acid  and  urea;    it  is  also  readilj 

need  from   isouiie   arid  on  boiling  with    hydrochloric  acid  (I 
and  TVi.L\-i:m,  and  finally  E.  Fischer  and  Am3  have  prepared  uri 
from  peeudonrifl  acid  by  heating  with  oxalic  acid  to   145n  C. 

On  strongly  heating  uric  acid   it  decomposes  with  the  form:' 

uric  acid,  and  a»  On    heating  with 

concentrated  hydrochloric   aeid  in  sealed  tubes  to  170°  C.  it 

■  to//,  carbon,  dioxide,  and  ammonia.     By  the  action  g  ing  agente 

Splits  I    .ividati.u.    take    place,    and    either    monourcids    or  diureida 

are    produced.      By  oxidation  with   lead    peroxide,  carbon   dioxidr,  ■ 
acid,    urea,  and    allantain,  which    last    is    glyoxvldiureid,  are  -prri 
below).    By  oxidation  with  ni  id  in  the  cold   urea  and  a  mono* 

1     the    mesoxalyl    tirea,  or    alloxan,  are    obtained,   O.H4X4i>, 
If ,0     '',11  ,\..ii    !  (\1Li.('<>.     On  warming  with  nitric  acid,  alloxan  yiekh 
i    dioxide,  and    oxalyl  urea,  or    parabanic  acid.  CjlLN'jO,.     By  U 


1  Kolisch,  Centralbl.  f.  innere  Med  .  1805;  Gregor.  Zeitachr.  f.  phyaiol   rbemJl- 

'Gautier.  Bull,  dc  l'acad.  de  med.  (2),  T».  and  Bull  de  la  Soc.  Chem     I  .  4- 

Jahreaber.,  17;   Colaaanti,  Arch.  ital.  d.  Biologic,   IB,  Faac    >.   Stadtlmp 

Zcitachr.  f.  klin.  feted.,  IV 

s  Horbaczcwski,  Monatshcit  ■   f    Chen  .  6  and  8:    Behrend  and  Roosen.  Bet.  d.<t 

cbem.  GesellacL.  21;  Fischer  and  TuUner.  Aid.,  V*:   Flacber  mid  Ach.  iW 
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addition  of  water  the  parahanic  acid  passes  into  oxaluric  acid,  C3H4N204, 
traces  of  which  are  found   in   the  urine  and  which  easily  split  into  oxalic 
acid  and  urea.     In  alkaline  solution  uric  acid  may,  by  taking 
and   oxygen,   be  transformed   into   a  new   acid,  uroxanic  acid,   CjH,N,0„ 
which  may  then  be  changed  into  oxonic  acid,  CfiJXfi4J     Uric  H 
as  F.  and  L.  Sestini  as  well  as  Gerard  have  shown,  undergo  bac' 
fermentation    with    tlie    formation    of    urea.     Acconling    to    Uumasi    and 
gOlani,'  uric  acid  is  quantitatively  split  hereby  into  urea  and  carbon 
dioxide,  according  to  the  equation: 


fern 
dioj 


(^HlN401+2HaO  +  30=3CO,+2CO(.\"H2)J. 


I      Uric  ao  in  most  abundantly  in  the  urine  of  birds  and  of  pcnW 

amphibians,  in  which  animals  the  greater  part  of  the  nitrogen  of  tin- 
appears  in  thus  form.      Trie  acid  occurs  frequently  in  the  urine  of  carniv- 
orous mammalia,  but  is  sometimes  absent;    in  urine  of  beU'biiuiu  it  is 
though  only  as  traces;    in  human  urine  it  occurs  in 
greater  but  Mill  .-mall  and  variable  amounts.     Trace*  of  uric*  acid  are  also 
veral  organs  and  tissues,  n  in  tlie  spleen,  lungs,  heart,  pancreas, 
vet  (especially  in  birds),  and  in  the  brain.     It  habitually  oeeun  m 
blood   of  birds.     Traces  have  been  found   in   human   blood  under  normal 
conditions.     Under  pathological  conditions  it  occurs  to  an  increased  •• 
in  the  blood  as  in  pneumonia  and  nephritis,  but  especially  in  leueiemia  and 
sometimes  also  in  arthritis.     Uric  acid  abo  oecilH  in  large  quantities   in 
"chah  "  certain  urinary  calculi,  and  in  guano.     Jt  has  b]bo  I 

detected  in  the  urine  of  insects  and  certain  snails,  as  also  in  the  u  Inga  (¥  Inch 
it  colors  white)  of  certain  butterflies  (Hoi-kin.'-).3 

The  amount  of  uric  acid  eliminated  with  human  urine  is  subject  to 
considerable  individual  variation,  but  amounts  on  an  average  to  0.7  gram 
i  I  mixed  diet.  Tlie  ratio  of  aria  acid  to  urea  varies  consider- 
ably with  a  mixed  diet,  but  is:  on  an  average  1:30-1:70,  In  new-born 
infants  and  in  the  first  days  of  life  the  elimination  of  uric  acid  is  rclativ ■!•.■ 
increa-  the   relation  between  uric  acid  and  urea  has  been  found  to 

be  1  Mi  £2-17.1. 

We  used  to  ascribe  an  increasing  action  upon  the  elimination  of  uric 
acid  to  proteid  food,  but   the  investigations  of  Hirschpeld,  Rosknki -:li> 
and   Okoi.kk,   Sivk.v,    Burian   and   Scrub,*   and   others  have  positively 
iat  a  diet  rich  in  proteid  does  not  itself  increase  the  elimination 


•See  Sundwik.  Zritachr.  f.  phyaiol.  Chera.,  20 

'See  Chem.  Centralbl.,  1903,  where  the  other  investigators  are  cited. 
i  Phil..*  Tram.  Boy.  Soa,  186,  R,  861, 

'See  Hi  •  ••  review  of  the  literature  in  Wiener,  "Die  Ilftrnfiaure"  in  Ergeb- 

Physiologie,  I,  Abt.  I,  1902. 
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of  uric  arid  but.  only  according  to  the  amount  of  nucleins  or  purin  ImmIws 

contained  therein.     Tlie  common  statement  that  the  < 

acid  is  smaller  with  a  vegetable  diet  than  with  an  animal  diet,  when  the 

quantity  may  be  2  grams  or  more  per  twenty-four  hours,  is  explained  by 

this.1 

The  statements  in  regard  to  liu  Influence  "t"  other  eircumstances.  u 
also  of   different  .substances,  OO    tin    elimination   of   uric  acid   are  rather 

:  radio  tory.    This  is  in   part  due  to   the  fact   that   the 
gators  used  an  inaccurate  method  (IIkintz),  and  also  that   tin 
ttlic-acid  elimination  is  dependent  in  the  first  place  upon  the  irulivid  : 
Thus  the  statements  in  regard  to  the  action  of  drinking-water  3  and  cf 
alk.'ti  itnnlietorv.    Certain  medicines,  such  as  quinine  and 

atropine,  diminish,  wliile  others,  such  as  pilocarpine  ami  al»<>,  M  it  seems. 
suilifylir  aeid,4  increase  the  elimination  of  uric  aeid. 

Little  is  known  with  positiveness  in  regard  to  the  eliminat 
acid  in  disease.  In  acute  diseases  with  crises  the  elimination  of  uric  aj 
increased  after  the  crisis,  while  the  older  statements  that  the  uric  acid  is 
habitually  increased  in  fevers  has  been  aontradioted  by  many.  The  state- 
ments in  regard  to  the  elimination  of  uric  aeid  in  gout  and  nephritis  are  also 
uncertain  and  contradictory.  In  leucaemia  the  elimination  is  increased 
absolutely  as  well  as  relatively  to  the  urea  and  the  relationship  between 
the  UflO  acid  and  urea  (total  nitrogen  recalculated  as  urea)  may  be  even 
1  :  U,  while  under  normal  conditions,  according  to  different  investigators, 
it  is  1    -40  to  GO  to  100.s 

notion  of  Uric  Add  in  the  Organism.  Since  HoBSACSBWan  first 
showed  that  uric  acid  could  be  produced  by  oxidation  from  the  nuclein  rich 
spleen  pulp  or  ma-loins  outside  of  the  body  he  als-  1  thai  i  > 

when  introduced  into  the  animal  body  caused  an  •  in  the  elimination 

of  uric   acid.     Teeat  ol.sorvations  have  lieen  confirmed,  and   at   the  same 
time  developed     by  the   work   of  a  great   number  of  investigator 
we  an-  >un-  that  uric  acid  can  be  produced  f mm  purin  IwKlies  either  outside 
or  inside  the  animal  body  and  also  that  food  rich  in  nucleins  (especially 
the  thymus  gland)  increase  the  elimination  of  uric  acid  and  purin  base 


•J    Rnnk.  litungpn  and  Yorsnrlie  Qber  die  A  og  der  Hanulnfr. 

etc.  (Miinchen,  1858);  Mares,  Centmll.1  i  d  mad  Wiaacoaeh.,  UB8;  liorbacwnki. 
Witii  Bitaungaber.,  100,  Abt  3,  ixfll.  In  regard  to  the  notion  of  various  did*  tfc« 
reader  is  rafarrad  to  the  above-cited  authors,  and  eajx  M-rmann,  A 

klin.  Med  ,  43,  and  Camerer,  Zeitachr.  f    Dialogic,  S3. 

'  Baa  Behfiodorff,  Ifiiiger's  Arch.,  46,  which  contains  the  pertinent  literature. 

■See  Clar,  Centralbl.  f.  d.  mod.  Wisseneh.,  1888;   Haig,  Journ.  of  Physiol.,  S;  tub 
A.  Hermann,  Arch,  f  klin.  Med  ,  43. 

*See  Bohland,  cited  from  Mnly's  JahreslKT.,  2fl;  Behraiber  and  Zaudy.  ibid.,  Jfl- 

!  In  regard  to  the  extensive  literature  on  the  elimination  of  uric  acid  in  ilisean 
■we  must  refer  to  special  works  on  internal  diseases. 
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(alloxurie  bases  *).  KVtschrr  and  Skemann  *  have  oxidised  thymus  nu- 
jleie  acid  in  weak  soda  solution  with  calcium  permanganate  and  obtained 
no  uric  acid,  but  only  guanidine  and  urea.  Rased  on  these  observ V 
production  of  uric  acid  by  the  oxidation  of  purin  bases  from  the  nucleins 
is  less  probable.  The  original  view  of  Hukii.mzkwski.  that  the  nucleins  do 
lirectly  cause  an  increase*!  elimination  of  uric  acid,  but  in.lirecT.lv  by 
causing  a  leu*  with  a  following  destruction  of  leucocytes,  has  been 

nearly  generally   discarded*      At    present    it    is    considered    that    a  direct 
formation  of  uric  acid  from  the  nucleins  takes  place  by  the  transom 
of  the  putxn  bases  of  the  nucleins  into  uric  acid. 

The  uric  acid,  in  .so  far  as  it  is  produced  from  nueleiu  bases,  is  in  part.  de- 

I  from  the  nucleins  of  the  destroyed  cella  of  the  bodjand  in  part  from  the 
una  or  free  purin  base  vita  the  food.    It  is  then 

sible  tO  admit  with  BuniAN  and  BCBU&'of  a  double,  origin   for   the   uric 
acid  ;v<  w.U  m  the  urinary  purins  (all  purin  bodisiof  the  urine  witli  ther 

the  uric  acid),  namely,  an  endogenous  and  an  exogenous  origin. 

Iuriav  and  Schdr  attempted  to  determine  the  quantity  of  endogenous 
urinary  purins  by  feeding  with  sufficient,  food,  but  B8  free  a--  from 

purin   bodies,  and   they  found  that  this  quantity  was  constant  for  OP 
individual,  while  it  was  variable  for  different  persons.     Other  investigators, 
such  as  BcHBEOBEB  and  Waldvogel  and  Loewi,1  have  arrived  at  somewhat 
different  results,  or  they  draw  different  deductions  from  their  observe 

till  they  do  not  change  it  essentially,  namely,  that  the  uric  SCI d  originating 
from  the  nucleins  is  partly  SndogeSOBfl  and  partly  exogenous. 

In  man  and  other  mammalia,  the    greatest  amount   if   not    all    of    the 

uric  acid  originates  from  the  nuelrins  or   their  purin  bases.     In  birds  the 

ion  is  different,     v.  MaCB  *  has  shown  that  in  these  animals  a  part  of 

the   uric  acid  maybe  formed  from  the  purin  bodies.     The  chief  quantity 

of  uric  acid,  however,  is  undoubtedly  formed  in  birds  by  synthesis. 

I       The  formation  of  uric  acid  in  bird    k  increased   by  the  administration 
of  ammonium  salts  (v.  Schroder)  and  urea  acts  in  a  similar  manner  in 
these  animals  (METER  and  Jakkk).     Minkowski  observed  in  geese  with 
extirpated  livers  a  very  significant  decrease  in  the  elimination  of  uric  i 
•  the  elimination  of  ammonia  was  increased  to  a  corresponding  degree. 
•cates  a  participation  of  ammonia  in  the  formation  of  uric  acid  in 


En 


1  As  it  is  not  within  the  scope  of  this  book  to  enter  into  a  discussion  of  the  numerous 
researches  on  this  subject,  we  will  refer  to  Wiener,  "Die  Haruaaure,"  Ergebnisse  der 
Physiol.,  1,  Abt.  1.  1902. 

'  Ber.  d.  d.  Cheni.  (iosellsch.,  3ft. 

»  Pfluger'e  Arch.,  80,  87,  and  M. 

*  Schreiber  and  Waldvogel,  Arch.  f.  exp.  Path.  u.  Pharm.,  42;  O.  Loewi,  ibid.,  44 
And  ft* 

•  Ibid.,  24. 
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the  of  birds;  and  as  Minkowski  has  also  found  after  the  ev 

tion  of  the  liver  that  considerable  amounts  of  lactic  acid  occur  in  the  urine, 
it    is    probable   that    the   uric  acid  in   birds  is  produced  in  the  liv< 
synthesis,  perhaps  from  [actio  acid  and  ammonia;  although  a? 
and  ZaUBSKI    and   I.ang    have  shown  after  the  extirpation  of 
primarily  an  increase  in  the  formation  of  lactic  acid  occurs  and  this  causa 
an  increase  I9  the  elimination  of  ammonia  (neutralization  ammonia).    Dm 
direct  proof  for  the  uric-acid  formation  from  ammonia  and  lactic  ad 
the  liver  of  birds  has  been  given  by  KoWALEWBXJ  and  .Salaskin  '  by  means 
of  blood-transfusion  experiments  on  geese  with  extirpated  livers.    They 
observed  a  relatively  abundant  formation  of  uric  acid  after  tin 

in  mium  lactate  and  to  a  still  greater  extent  after  arginine. 
only  ooaaider  ammonium  lactate,  but  also  amino  acids  as  substances  from 
which  (he  uric  acid  can  be  produced   in   the  liver  by  synthesis, 
leucin.  glycocoll,  and  aspartic  acid  increase  the  elimination  of  uric  | 
birds  (v.   Knikiukm  2),  but  whether  they  are  first  decomposed  with  the 
Splitting  off  of  ammonia  is  still  unknown. 

The  possibility  of  a  formation  of  uric  acid  from  lactic  acid  has  been 
shown  in  another  manner  by  Wiener,'  namely,  by  feeding  birds  with  urea 
and  lactic  an  1  and  different  non -nitrogenous  substances,  oxy,  ketoiiic,  and 
dibasic  acids  of  the  aliphatic  series.  The  dibasic  acids,  with  a  chain  of  3 
carbon  atoms  or  their  ureides,  showed  themselves  most  active  as  uric-acid 
former.-,  ami  Wiknkic  b  therefore  of  the  opinion  that  the  aetavs  a  bttSBOi 
must  first  be  converted  into  dibasio  acid-.  By  the  attachment  of  a  urea 
lie  the   corresponding  ureid    is   produced,  to  Wiener,  and 

from  this  the  uric  acid  is  derived  by  the  attachment  of  a  second  urea  residue. 

Among  the  substances  tested,  only  tartronic  acid  and  it-,  ureiil,  dialunc 
have  shown  themselves  active   in    the   experiments   with    the  iso- 
lated organs,  and  Wiknku  the  Uo  considers  that    tin-  othei  acids 
must   be  first   converted  into  tartronic  acid  by  oxidation   or 

TIjCHtTHncooH,   wc    first    obtain   tartronic  a 
[{.(Hi  t  )lI).(oi  )II,  which  by  the  attachment  of  a  urea  residue  forms 

dialuric  acid,  00<>SZoO>CHOH»  aml  frnm  tnis  h-v  the  attacnment  nii 
second  urea  residue  uric  acid  is  formed. 

We  cannot  give  any  positive  answer  as  to  the  question  wl  tk  arid 


1  v.  Schroder,  Scttwhl    f.  physiol.  Chem  ,  2;     Meyer  and  Jaffe,  Ber.  d.  d 
Gescltech.,  10;    Minkowski,  Anii    :    i  qj    Path.  0    Plianu..  21  and  31 ;    Salaakin  «wt 
Zaleski.  Zeitschr.  f.  physiol.  ("hem  ,  29,    Ijuig,  ibid.,  32;    Kowak-wski  ar 

J  EaHeehr.  f  Biologie,  is. 

1  Ilofmeister'a  lkMtrage,  8 
tiisse  d.  Phyaiol.,  1,  Abt.  I,  1902. 


See  also  Arch.  f.  exp.  Path.  u.  Pbarm.,  42,  and  Erg*- 
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is  formed  by  synthesis  also  in  man  and  other  mammalia.     Wii\::r  has 

b  part  reported  experiments  which  teem  to  inrtifflifa  a  synthetic  uric- 

ition  ir.  thfl  isolated  mammalian  liver,  and  he  has  also  obtained 

an  increase  in  the  urn  -and   elimination,  although  only  a  slight  one,  after 

og  luctie  acid  and  dialuric  acid  to  man. 

Tin  seOQa  bob  ii^n  in  birds  where  the  synthetical  forma- 

I  uric  acid  occurs,  and  the  fact  that  it  was  possible  for  Minkowski  '  to 
arrest  the  uric-acid  formation  by  the  extirpation  <>f  the  liver  apparently 

-  that  the  liver  Is  the  only  organ  taking  part  in  this  synthesis.     If  a 

Byntnssk  of  uric  acid  also  OOOUn  in  man  and  other  mammalia  we  mustcon- 

the  liver  as  at  least  one  of  the  organs  taking  pari  in  the  work,  as 

II  by  Wunkk's  investigations.     The  formation  of  urie  arid   frum  nu- 
by  oxidation  has  often  been  connected   with  the  function?  of  the 

spleen,  but  there  are  no  grounds  for  such  a  view.  Mendel  and  Jackson 
have  indeed  shown  that  in  splenectmni/rd  rjogi  the  elimination  of 
uric  acid  was  considerably  increased  after  feeding  lymph-glands  or 
pancreas.  The  spleen  can  therefore  not.  be  the  most  essential  organ  in 
this  type  Of  formation.      The  experiments  made  with  liver  ex- 

(M'It/.kk  and  WiKVKK  -I.  in  which  it  was  possible  to  convert  purin 
bases  into  uric  acid,  showed  that  the  liver  has  also  the  same  power  of 
llie  acid  as  the  spleen  has,  and  it   is   most  lik<lv  that    t he    uric- 
acid  is  formed  in  the  different  organs,  in  which  a  destruction   of  nuclein 
tissue  takes  place. 

Uric  acid  when  introduced  into  the  m«mim»iton  organism  isr  as  first 

uboWn    by    WOBLBS    and    Fukkichs  for  the  dog  and   later  substantiated 

by  several  experimenters,8  in  great  part  destroyed  and  more  or  less  com- 

iv  changed  into  urea.    Hub  do em  to  be  the  same  for  all  .mi- 

In   rabbits,  aeo  R,   the  uric  acid   is  destroyed 

a  of  glycocoll  as  an  intermediate  step.    The  stf  a  are 

'  (.ntradictorv  v.ith  camivora.     Ac  to  an  older  \  u ffi    v.  hi.-hhas 

red  support  by  the  a,  a  perl  of 

the  uric  acid  introduced  into  dogs  is  eliminated  as  allantoin.  which  is  also 
true  according  to  Mkndel  and  BbOWM  for  cats.     The  BOTreotnesJ 
I  by  Wiener,  Pom-  and  Pgdubcbka,4 .-till  we  can] 


1  Wiener  1   a  ;  Mendel  ixnd  Jackson,  Ante?.  Joum.  of  Physiol.,  4;  SpiUor,  Pflijger's 
Arch  .  76 

'  Wuhlcr  and  French*,  Anna!,  d.  Chem   u.  Pliarra.,  05.    See  also  Wiener,  Ergeb- 
niw»  tologid,  1,  Abt.  I. 

'  Wiener,  Arch    f.  axp   Pntb    U    I 'harm.,  40  and  42,  and  BrgebaiSN  der  Physiolajrie, 
I,  Abt.  I;   Pohl.  Arch.  f.  BXp.  1'ath.  u.  I'h.mn..  4s.    Podusohka,  ibid.,  It;   > ..  kowski, 
i.r  f.  phynoL  Chem.,  ■'{«'>,  and  Ber.  d.  d.  Chem.  Geeellsch  ,  U;  M.-mlrl  ,-uid  Brown, 
Journ.  of  Physiol.,  1. 
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sider  it  as  disproved.  The  possibility  of  a  uric-acid  formation  with  allan* 
toil i  as  an  intermediate  step  is  even  more  probable  in  man. 

Thd  destruction  of  uric  acid  seems  to  be  possible  in  several  organs,  and 
in  this  regard  also  different  animals  show  some  variation.     Accord;' 
the  researches  of  Chas  and   Kichkt,  Ascoli,  Jacohy  and  Wi>  - 

the  liver  of  the  dog  has  a  pronounced  power  of  destroying  uric  acid  ami 

the  liver  of  the  pig  has  a  similar  power,  while  in  li  er  a  uric-aeid- 

fonnisg  activity  was  shown.  Other  organs  which  show  :i  uric-acid-dc- 
structive  action  are,  according  to  Wikm.k,  the  kidneys,  whieh  action  in 
dogs  is  Tery  weak,  and  the  muscles. 

From  this  power  of  the  different  organs  of  destroying  uric  sold  it  follow 
that  the  quantity  of  uric  acid  eliminated  is  not  B  sure  iiuli.ai  • 
amount  of   the  acid   formed.     We  must  admit,  thei  it  a  partof  the 

uric  acid  formed  in  the  body  fa  destroyed  in  a  similar  manner  to  that 
Introduced  h  Bttbiah  and  Bern  u  *  have  indeed  suggested* 

factor,  the  90-eeBsd   '   integral  factor,"  with  which  the  quantity  of  uric  arid 

inated  Ess  the  twenty-four  hours  must  be  multiplied  in  order  to 
the  quantity  of  uric  acid  formed  doing  this   time.      According  BO  I 
carnivora   eliminate  about  J0-  3'0  of    the  uric  add    introduced    h 
culation,  rabbits  about  $,  and  man  $. 

Properties  and  Reactions  of  Uric  Acid.  Pure  uric  acid  is  a  white,  odor- 
less, and  tasteless  powder  consisting  of  very  small  rhombic  prism?  or  plate*. 
Impure  uric  acid  is  easily  obtained  as  somewhat  larger,  col"  ;\k. 

In  quick  cr\  small,   thin,  four-nded,  apparently  colorless, 

rhombic  prisms  are  formed,  whieh  can  be  seen  only  by  the  aid  of  I 
scope,  and  these  sometimes  appear  as  spools  because  of  the  rounding  rf 
their  obtuse  angles.    The  plates  an-  sometimes  six-sided,  irregularly  devel- 
oped: in  other  oases  they  are  rectangular  with  partly  straight  and  partly 
jagged  sides;  and  in  other  cases  they  show  still  more  Irregular  forms,  the 
so-called  dumbd teft .  ete.     In  alow  crystallization,  as  when  the  ati 
posits  a  sediment  or  when  treated  with  acid,  large,  invariably  colon' 
tals  separate.     Examined  with  the  mioroeoope  these  crystals  always  ar 
yelkra  or  yeUowish-brown  in  color.    The  most  ordinary 
stone  shape,  formed  by  the  rounding  off  of  the  obtuse  angles  of  the  rliot 
plate.     The   whetstones   are  generally    connected    together,    two   or  more 
crossing  each  other.    Besides  these  forms,  rosettes  of  |  .  stab, 

irregular  crosses,  brown-colored  rough  masses  of  destroyed  needles  and 
prisms  occur,  as  well  as  other  forms. 

Uric  acid  is  insoluble  in  alcohol  and  ether;  it  Is  rather  easily  soluble  in 
boiling  glycerine,  very  difficultly  soluble  in  cold  water.  .1  parts  *l 

SMffltOt  't  Kichct,  Couipt.  rend.  soc.  biolog.,  49;  Ascoli,  Pfluger'a  Arch.,  78; 
Jacoby.  Virchow'a  Arch.,  157;   Wiener.  Arch.  f.  exp.  Path.  u.  Phann.,  12. 
■Pfluger's  Arch.,  87. 
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18? C.  (His  and  Paul).     At  this  temperature,  according  to  them.  0.5  per 
cent  of  the  uric  acid  is  dissociated  in  the  saturated  solution,     because  of 
the  reduction  in  the  dissociation  on  the  addition  of  strong  acids  uric  acid 
is  soluble  with  difficulty  in  the  presence  of  mineral  aside.     It  is  soluble 
in  a  VVB  solution  of  sodium  diphosphate,  and  in  the  presence  of  an  BB 
of   uric    acid    monophosphate  and    acid    urate  are  produced.     The  ordi- 
nary view  is  that  sodium  diphosphate  forms  a  solvent  for  the  uric  acid  in 
the  urine,  but  according  to  Suwi.i:  the  monophosphate  has  only  a  slight  sol- 
vent action.     According  to  Rldel1  urea  is  an  important  solvent,  but 
statement  has  not  been  confirmed  h\  the  observations  of  His  and  P 
Trie  acid  is  not.  only  dissolved  by  alkalies  and  alkali  carbonates,  but  also  by 
tl  organic  bases,  such  as  ethylamine  and  propylamine,  piperidin 
iin.     Uric    acid    dissolves    without    decomposing    in    ooneenteated 
sulphuric   acid.     It    i-<   completely    precipitated  from   the  urine   by    picric- 
acid  (.Iaffk  \'i.     Trie  acid  gives  ■  shooalate-brown  precipitate  with  phospho- 
tungstic  acid  in  t  at  hydrochloric  acid. 

Trie  acid  is  dibasic  and  corf  -Ay  forms  two  series  of  salts,  neu- 

tral and  acid.     Of  the  alkali  urates  the  neutral   potassium  and  lit li i 
arc  most  easily  soluble  and  the  ammonium  salt  dissolves  with  difficulty. 
The  acid-alkali  urates  are  vet >  insoluble  and  separate  as  a  sediment  (acrfi- 
tnenlum  lateritium)   from   concent  rated  urine  on  cooling.     The  salts   with 
alkaline  earths  are  very  insoluble. 

If  a  little  uric  acid  in  subst.i  reated  on  a  porcelain  dish  with  a 

few  drops  of  nitric  acid,  the  uric  acid  dissolves  on  warming  with  B  strong 

development  of  gas,  and  after  thoroughly  drying  on  the  wateavbal 

beautiful  red  residue  is  obtained,  which  turns  a  purple-red  (ammonium 
purpurate  or  murexid  on  the  addition  of  a  little  ann.  id  of 

the  ammonia,  we  add  a  little  caustic  soda  (after  cooling),  the  color  becomes 
deeper  blue  or  bluish  violet.  This  color  disappears  quickly  on  wanning,  differ- 
ing from  certain  xanthine  bodies.    This  reaction  is  called  the  mursxui  tett. 

If  uric  aeid  is  converted  into  alloxan  by  the  careful  act  -id 

and  the  excess  of  acid  carefully  expelled,  on  treating  this  with  a  fen 
of  concentrated  sulphuric  acid  and  commercial  benzene  (containing  thio- 
phene),  a  beautiful  blue  coloration  is  obtained  (!>kni<;k<'  reaction  3). 

Uric  acid  does  not  reduce  an  alkaline  solution  of  bismuth,  while,  on  the 
contrary,  it  reduces  an  alkaline  cupric  hydrate  a  .hit  ion.    In  the  presence  of 
only  a  li  1 1 1  *  -  copper  salt  we  obtain  a  white  precipitate  consistim:  of  QUgJ 
urate.     In  the  presence  of  more  copper  salt  red  euprous  oxide  separates. 
The  combination  of  uric  acid  with  cuprous  oxide  u  formed  when  sapper 

1  Hb  and  Paul.  Zritochr.  f.  physiol.  Cheui.,  31;    Smale,  Centralbl.  f.  PhysioL.  9; 
Rudcl.  Arch.  f.  exp.  Path.  u.  Phunn.,  30. 
1  Zeitschr.  f.  physiol    Chem  ,  10- 
1  Joum.  de  Pharra.  et  de  Chim  ,  IS.     Cited  froiu  Maly  s  Jahresbcr,  18. 


192 


VltlXE. 


salts  arc  reduced  in  alkaline  solution  in  the  presence  of  urate  by  dextl 

liisulpliii.'. 

If  a  solution  of  uric  acid  in  water  containing  alkali  carbonate  is  treated 
with  magnesium  mixture  and  then  a  silver-nitrate  solution  added,  agelati- 
tioufl  precipitate  of  silver-magnesium  urate  is  formed.    If  a  drop  of  uric  aci4 

Dived  in  Bodium  carbonate  a  placed  on  a  piece  of  filter-paper  which  has 
been  previously   treated  With  silver-nitrate  solution,  a  redtti 
oxide  occurs  producing  a  io  the  presence  of 

milligram  of  uric  arid,  a  yellow  spot  (SCHITP'a  test). 

precipitation  of  free  uric  acid  from  its  alkali  salts  by  means  of 
acids  can  be  mure  or  less  prevented  by  the  presence  of  thymic  acid  or  n 
acid  (GOTO1).      Jt  is   questionable   whether   this    is    of   any   physio  logical 
importance. 

Preparation  of  I'ric  Acid  from  Urine.     Filtered  normal  urine 
with  20  80  e.c.  «>f  26  per  cent  h  icid  for  each  liter  of 

After  Forty-eight  hours  colleot  the  cxystalfl  and  purify  them  by  radian 
in  dilute  alkali,  decolorising  with  animal  charcoal  and  lepra 
hydrochloric  acid.    Large  quant&tiea  of  uric  acid  are  easily  obtaj 
tin-  excrements  ol  Betpemta  By  boiling  them  with  dilute  caustic  po1 

ii  until  no  more  ammonia  is  developed.     A  current  of  carbon  di 
i    passed  thro  i  filtrate  until  it  barely  has  an  alkaline  real 

solve  the  separated  and  washed  acid  potassnun  urate  in  caustic  potato 
ipitate  the  uric  acid  in  the  filtrate  by  addition  of  an  e  . 

QutttiUtatiit:  JSttunatum  of  Uric  Arid  in  On-  Urine,  .\«  the  older 
method  suggested  by  Hkintz,  even  after  recent  mocBficatSone,  gives 
inaccurate  results,  it  will  not  be  o  a  Idered  here. 

SaLKOWBD   and   LUDWIO'  hod   consists  in  pns-ipitalin     I 

nil i  from  the  urine  previously  treated  with  maga 

mixture,  and  weighing  the  uric  acid  obtained  from  the  silver  p 
i  lie  add  determi  b]   this  method  are  often  perf< 

the  suggestion  of  g,  Ludwig,  which  requires  the  follow,  font: 

1.  An    UM9JOMXAGAL  sii.vkh  soiation,  which   >  liter  ft 

■oranu  of  silver  aitrate  and  ■  quantity  of  ammonia  sufficient  to 

precipitate  produced  by  toe  first  addition  of  ammonia.   _*.  MAGimnm  m: 

Dissolve  100  prams  of  crystallized  magnesium  ehloride  in  water  and  add  < 
ammonia  so  that  the  liquid  smells  strongly  of  it,  and  enough  ammonium  •  i 
to  dissolve  the  precipitate  and  dilute  the  solution  to!  liter,    3.  Bi 

solution.      Dissolve  10  grams  of  caustic  soda  which  is  free  from  nitric  aci 

nitrous  arid  in  I  lin-r  of  water.     One  half  of 

with  sulphuretted  hydrogen  and  then  mixed  with  the  other  half. 

The  concentration  of  the  three  solutions  is  so  arranged  that  10  i 
each  is  sufficient  f<>r  loo  e,  b,  of  the  uri 


iischr.  f.  physii  .  30. 

1  Salkowski.  Yirchmv  'i  Anh  .  .V_\  Pfluger's  Arch .,  5;  Salkuwaki,  Lal>oratory  Mimol 
of  Physiol,  and  Path.  Cbcm.,  trail  lot*  by  '  Jrndorff,  1901;  Ludwig,  Wieo.  ami 
Jahrbuch,  1SS1.  and  Zvitochr.  f.  M  ,  21. 
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100-2(10  c.  c,  according  to  concentration,  of  the  filtered  urine  fi 
from  proteid  (by  boiling  after  the  addition  of  a  few  drops  of  aretie  toid)  is 
•  1  into  a  beaker.     Tn  another  vessel  mix  10-20  <•.  •■.  of  the  silver  solu- 
tion frith  10-L0  c.  c.  of  the  magnesium  mixture  and  add  ammonia,  and  when 
necessary  also  some  ammonium  chloride,  until  the  mixture  is  clear.     lln> 
Lion  is  added  to  the  urine  while  stirring,  and  the  mixture  allowed  to 
quietly  for  half  an  hour.    The  precipitate  is  collected  on  a  filter. 
Washed  With  ammoniaeal  Tl  I  then  returned  to  the  same  beaker  by 

the  aid  of  a  glass  rod  and  a  wash-bottle,  without  destroying  the  filter 
Now  heat  to  boiling  10-20  tin  alkali-sulphide  solution,  which  has 

previously  been  diluted  with  an  equal  volume  of  water,  and  allow  this 

to  Bow  through  the  above  tutor  into  the  bealoar  containing  the    i 
precipitate;  wash  with  boJHng  water,  and  warm  the  contents  of  the  beaker 
on  a  water-bath  for  a  time,  stirring  constantly.    After  cooling  filter  into  II 
eelain  dish,  wash  the  filter  with  boiling  water,  acidify  the  filtrate  with  hydro- 
chloric  acid,  evaporate  it  to  about  15  c.  c.  add  a  few  drops  more  of  hydro- 
chloric acid,  and  allow  it  to  stand  for  twenty-four  hours.     The  urifl  acid 
which  has  crystallized  is  collected  on  a  small  weighed  hlter.  washed  with 
water,  alcohol,  ether,  and  carbon  disulphide    dried   at    100-110° C,  and 
For  each  10  c.  c.  of  watery  filtrate  We  Qiual  arid  0.00048  pram 
uric   acid  to  the  quantity  found  directly.      Instead  of  the  weighed   filter- 
paper  a  glass  tube  filled  with  glass-wool  as  described  in  other  handb 
may   be  substituted   (I.rnv.  n,  i.     Too  intense  or  continuous  heating   With 
the  alkali  sulphide  must  be  prevented,  otherwise  a  part  of  the  uric  acid 
man  l>o  decomposed. 

Balxowso  differs  from  this  procedure  by  precipitating  the  mine  first 
with  a  magnesium  mixture  (50  c.c.to  200  c.  c  mine),  filling  up  to  300  i.  B.( 
and  filtering.  Of  the  filtrate,  200  c.  c.  Ls  precipitated  by  10-15  o.  0.  "i"  a 
3  per  cent  silver-nitrate  solution.  The  silver  precipitate  is  shaken  with  200- 
300  c.c.of  water  acidified  with  a  few  drops  of  hydrochloric  acid,  decomposed 

iolphuretted  hydrogen,  heated  to  bouing,  toe  silver-sulphide  precipitate 
bofled  with  fresh  water,  filtered,  the  filtrate  eonreiitrat<*d  to  a  few  cubic 
centimeters,  treated  with  5-8  drops  of  hydrochloric  acid,  and  allowed  to 
stand  until   the  next  day. 

Hofki.n  s  method  is  based  on  the  fact  that  the  uric  acid  is  completely 
precipitated  bum  the  urine  as  ammonium  urate  on  saturating  with 
rnoniuin  chloride.     The  uric  acid  can  either  be  weigh  being  set  free 

by  hydrochloric  acid  or  it  can  be  determined  in  several  ways,  by  titration 
with  potassium  permanganate  or  by  the  Kjelpa.hi.  method.     Several  i. 
fications  of  this  method  have  been  worked  out  by  FOLXN,  POUM  and  S 
fer,  AVoknkr  and  Jolles.1    The  last  mentioned  convert  the   uric   at  a  d 
urea  by  oxidation  with  potassium   permanganate  in  ■uiphimo-acid 
solution  and   then  determine  the  quantif    ol  thifl  by  sodium  hvpoDTO! 
we  will  onlv  describe  that  suggested  by  Foun-Schai 
Folin-Schaffcr  Method.     Treat  300  c.  c.  urine  with  75  c.  r.  of  a  solution 
S00 grama  of  ammonium  sulphate,  5  grama  of  uranium  acetate,  and 
c.  of  10  per  cent  acetic  acid,  and  filter  after  five  minutes.     This  removes 


1  Hopkins.  Journ.  of   Path,  and   Kaet..   ISfW.   lod   Proceed.    Uoy.   Bofl  ,  52;     Folin, 
lot  Cham.,  24;  Folin  and  SchafTer,  ibid.,  32;  WOrncr,  ibid.,  20;  Jolles, 
ibid.,  id,  mid  Wicu.  med  Wuclieuachr,  1903. 


an  unknown  constituent  of  the  urine  (a  protein  substance?)  which  would 
otherwise  contaminate  the  uric  acid.  Take  125  c.  c.  of  the  filtrate  (corre- 
sponding to  100  c.  c.  of  the  urine)  and  add  5  c.  c.  of  concentrated  ammonia. 
After  twenty-four  hours  the  p  ecipitate  is  filtered  off  and  washed  free  from 
chlorine  on  the  filter  by  means  of  an  ammonium  sulphate  solution.  Tie 
precipitate  is  washed  off  the  filter  by  water  (to  al  100  c.  c.)  nto  a  fiaj-k. 
treated  with  15  c.  c.  of  concentrated  sulphuric  acid,  and  titrated  at 
60-63°  C.  with  X/20  potassium-permanganate  olution.  Ea  h  cubic  centi- 
meter of  this  solution  corresponds  to  3.75  milligrams  uric  acid.  Been 
the  solubility  of  the  ammonium  urate  a  correction  of  3  milligrams  must  be 
added  for  every  100  c.  c.  of  the  urine. 

In  regard  to  the  numerous  other  methods  for  estimating  uric  acid,  we 
must  rater  to  special  works  on  the   ubject,  and  especially  to  Hi  i 
Neubaues. 


Purin  Bases.  (Alloxuric  Bases.)  The  alloxuric  bases  (purn  bases) 
found  in  human  urine  are  xanthine,  guanine,  hypoxanthine,  adenine,  pan- 
xanthine,  heleroxti  .  cpigiianine,  1  -methyl xanthine,   and  oar- 

nine.    The  ocourrenoa  of  guanine  and  carnine  (Pouchet)  i  .  according  to 
Kki '■(.!■  i;  and  Salomon,'  not  positively  shown.    Tin;  quantity  of  these  I 
in  the  urine  is  extremely  small  and  variable  in  different  individuals 
tow  and  Reitzensteiv  2  found  15.6-45  1  milligrams  in  urine  voided  during 
twenty-four  hours.     The  quantity  of  alloxuric  bases  in  the  urine   s  increased 
regularly  after  feeding  with  nucleus  nucleins  or  food  rich  in  nucleins,  and 
after  free  destruction  of  leucocytes.     The  quantity  is  especially  increased 
in  leucsemia.     We  have  a  number  of  observations  on  the  elimination  of  these 
bodies  In  different  diseases,  but  they  are  hardly  trustworthy 
the  inaccuracy  of  the  methods  nsed  in  the  determinations.      It  must  ak> 
be  remarked  that  the  three  alloxuric  bases,  beteroxanthinc,  paraxanthine, 
[xanthine,  wliich  form  the  chief  mass  of  the  alloxuric  bases  of 
the  urine,  are  derived,  according  to  the  investigations  of  Alhan 
zynski   and   QOTTLXEB,   E.   Fischer.   M.   Kruger  and   (i.   Salomon  and 
BCHsfXDT  *  from  the  theobromine,  caffeine,  and    theophylline  which  occur 
in    the  food.       With  the   purin   bases  we  must    also   differentiate  between 
those  of  endogenous  and  of  exogenous  origin.4     As  the  four  true  nuclein  bass 


1  Zeitochr.  f.  physiol.  Chem.,  24;  Pouchet,  "Contributions  &  la  connaisMUiee  <k» 
mat iires  extractives  de  1 'urine,"  These  Paris,  1880.  Cited  from  Huppert-N'eub*n*< 
333  and  335. 

putsch,  med.  Wocbenschr.,  1897. 

3  Albanese,  Ber.  d.  d.  chem.   Gesellsch.,  32;    Arch.  /.  exp.  Path.  u.  Phann. 
Bondr-ynski  and  Gottlieb,  ibid.,  36,  and  Ber.  d.  deutsch.  chera.  Geacilsch.. 
Fischer,  ibid  ,  SO,  24<)i5;    Kruger  and  Salomon,  Zeitschr   f .  pi  Kraft 
and  Sofamidt,  Ber.  <1.  d.  chem.  Gesellsch.,  32,  and  Arch.  f.  exp.  Path.  u.  Pharni 

4  .^  Burian  and  Schur,  foot-note  3,  page  4S7,  and  Kaufinann  and  Mohr,  DeuUcb 
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and  carnine  have  been  treated  in  Chapters  V  and  XI,  it  only  remains  to 
describe  the  special  urinary  purin  bodies. 

UN— CO 
Heteroxanthine,  CcHeX40,  -  7-monomethylxanthine  -  OC    C.N.CH,,  was  first 

HN— CtN,/08 

detected  in  the  urine  by  Salomon*.  It  is  identical  with  the  munomethylxanthine 
which  passes  into  the  urine  after  feeding  with  theobromine  or  caffeine. 

Hi -t«T ■xanthine  crystallizes  in  shining  needles  and  dissolves  with  difficulty 
]  .V.U  parts  at  IS0  (!.).     It  ir  readily  soluble  in  ammonia  and  alkalies. 
xystslline  sodium  salt  is  Insoluble  In  Strang  caustic  alkali  (33  per  cent)  and 
lifhVulty  in  water.     Tin-  riUoriaQ  crystallizes  beautifully,  is  rela- 
tively insoluble,  and  is  readily  decomposed  into  the  free  base  and  bydrooUorto 

1         xanthine  is  preeipit.it.-il  by  copper  sulphate 
phite.  mercuric  chloride,  basic  lead  acetate  nnd  ammonia,  and  by  silver  nitrate. 

[Kjund  dissolves  rathe-  easily  in  dilute,  warm  nitric  acid;  it  en 
lizee  in  small  rhombic  plates  or  prisms,  often  grown  together,  forming  eriarao- 
•  oraeeeB.    !!•  not  give  the  .but  does 

Weidel'b  reaction,  espcciallv  aoeo  ding  to  Fischer  (see  Chapter  V). 
CH..N-CO 

i-Methylxanthine,  CoH^N/),  -        CO  < '.  \  1 1  ,  was  first  isolated  from  the 

mUb  >c» 

urine  and  studied  bv  Kruger,  and  then  by  Kict okr  and  Salomon.1  It  is  diffi- 
cultly soluble  in  cold  water,  but  readily  Botuble  in  iCOH  soda, 
ami   does  not   give  an  InfOUJ                lUD    -  > -ml n ti.it i.  m.      It    is   readily 

dilute  acids,  and  it  crystallise)  Fran  it-  acetic-acid  solution  in  thin,  generally 
hexagonal  plates.     The  chloride  is  decomposed  into  the  base  and  hydrochlorii 

l-methylxanthine  gives  crystalline  doable  bbIo    wrttfi  platinum  and 
gold.     It  is  not   precipitated  by  basic  lead  ticetat<\ 

fesd  acetate  and  Bfnmonia.     With  aiumouia  and  silver  nitrate  it  giv  iuous 

precipitate.  The  silver-nitrate  compound  •  ryutallized  from  nitric  at  id  fonns 
rosettes  of  united  needles.     With  the  xanthine  test  wit  i 

orange  coloration  on  the  addition  of  caustic  s  da.     It  gj  reaction 

(according  to  Fischer)  beautifully. 

CHj.N-CO 


Paraxanthine,     0,11, N\0,  -  1,7-dimethylxan thin   - 


m 


t'H.,     urnthco- 
I      II     \rI1 

bromine  (Tuudichum),  was  first  isolated  from  the  urine  by  TiiuuicnuM  and  Salo- 
mon.1   It  erystalusee  l*-autifully  in  welded  plates  or  u  The  sodium 
combination  crystallizes  in  rectangular  platns  or  prisms  and,  like  the  hi 
xanthine  sodium   compound,   i     insoluble    in    88    DBf   OBOl    OBI ■  tie-soda  solution. 

in  c  impound  separa.  dUne  state  on  neutralizing  its  solution 

in  water.    The  chloride  is  readily  soluble  end  ifl  nol  deomnpo  iter.    The 

iciystsili  bs  very  beautifully.     Mercurie  chloride  precipitates  it  only 

when  i  excess  and  after  a  long  time.     The  silver  nitrate  combination 

ie  white  silky  crystals  from  hot  nitric  acid  .m  eunling.     It  gives  Wei  del 'a 
reaction,  but  not  the  xanthine  test,  with  nitric  acid  and  alkali. 


1  Kruger,  Du  Boia-Keyitumd'a  Arch.,  1894;  Kruger  and  Salomon,  Zeitschr.  f. 
physiol    (hem.,  24 

» Thudichum.  "GrandsOge  d  anal  med  klin  Cbemie"  (Berlin,  1886);  Salomon, 
Du  Bois-Reymond 's  Arcb.,  1882,  and  Her.  d.  duutsch.  chem.  Gesellach.,  16  and  16. 
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Episarkine  is  the  name  given  by  H.u.kk.  to  a  purin  body  occurring  in  human 
urine.     The  game  body  has  been  observed  by  Salomon  '  in  jugs'  and  dogs'  urine, 
as  well  Bfl  in  urine  in  leucaemia.     Baj.ki:  gives  C4H,NB0  as  the  probable  formuli 
fur  episarkine.     It  is  nearly  insoluble  in  cold  water,  dissolves  v, 
hot   water,  but  may  be  obtained  lit-  it  from  ae  long  fine  needles.     I  oedoej 

not  give  the  xanthine  reaotftan  with  Ditri  tor  WsmxLlt  reac 

hydrochloric  Mid  -sium  chlorate  it  gives  a  white  residue  which  turn* 

violet  with  ammonia.     It  doss  not  form  any  TIm 

flilwe  fttiofl    i*   difficultly  soluble   in   nitric   acid,      episarkine  is  possibly 

identical  with  epiguanine. 

UN— CO 


Epiguanine,    CnH7NtO,  -  7-methylguanine 


-H,N.C 


C.N.CH,,    was   first  pre- 


II      li     \fnt 

X    c.\ 

pared  from  the  urine  by   SbDobb.1     It  is  crystalline  and  difficultly  soluble  in 

I   in-  ammonia.      Il  crystal  I  izes  from  a  hot  .'{.'J  per  '•<  e-soda  soto- 

tiou  on  cooling  In  broad  shining  crystals  and  dissolves  readily  in  hydrochloric  of 
sulphuric  arid.  It  gives  a  characteristic  chlcroplatinate  I  rv.-tallizing  in  six-aded 
prisms.  It  is  precipitated  by  neither  basic  lead  acetate  HOT  by  basic  lead 
acetate  and  ammonia.     Silver  nitrate  ami  I    give  a  gelatinous pteBTnHa>J> 

It    responds   u,   the    xnn t liiio-    test    with    nitric   aeid  and   alkali.      A'<<rding  to 

bxr  it.  acta  tika  spisarkiiM   with  Wkioki.'s  test. 

In   preparing  ■lloXUfiC   bases   bum    the   urine,  the  fluid   is  supernatural 
ammOma  and   precipitated  bv  a  silver-nitrate  solution.     The  pn  il  thru 

decomposed  with  sulphuretted  hydrogen.     The  boiling-hot  filtraU 
dryness  and  the  dried  residue  treated  with  3  per  cent  sulphuric  arid.     The  jrtlrin 
bases  are  dissolved]   while  the  uric  arid   remains  undissolved.     Th'u 
saturated  with  ammonia  and  precipitated  by  silver-nitrate  Bolutl  "?**^ 

of  precipitating  with  silver  solution  we  desire  to  precipitate,  accoi  .itir.n 

ana  Wklff,  with  copper  suboxide,  the  urine  may  be  heated  to  boiHrjc 
diately  is  added,  successively,  100  a  50  per  cent  sodiura-bisulph 

and  lOOc.  e.  of  a  12  per  cent  copper-suljihate  solution  for  every  nter  ol 
The   thoroughly  washed  preci  itate  i     di  I    with  hydrochloric  and  »od 

sulphuretted  hydrogen  The  uric  acid  remains  in  gnat  part  on  the  fitter.  FurJwr 
details  in  regard  to  the  treatment  <»f  the  solution  of  the  hydrochloric-acid  «•«"* 
binations  may  be  found  in  Kulgek  and  SALOMON.1 

Quantitative  Estimation  of  AUoxuric  Bases  according  to  Saudowaa 

400  to  600  0.  0.  of  the  urine  free  from  proteid    is   lirst    p 

■mi   mixture  and    then  by  a  3    pel  cent  silver-nitral  >n  * 

r  \'.k;      The  thoroughly  washed  silver  precipitate 
composed  by  sulphuretted    hydrogen  after  being 
c.  e.  of  water  with  the  addition  ol  a  few  drops  of  hydrochl  ric  aeid.   B  ' 
heated  t.i  boiling  ami  filtered   hot,  and  finally  evaporated  to  dryness  <» 
the  water-bath.     The  residue  is  extracted  with  3  priced 

ario  aeid  and  allowed  to  stand  twenty-four  hours;  the  uric  acid  is  filter 


'  Halke,  "Zur  Kenntnbw  der  Xantbink6r]»er  "  (Inaug.-Diss.,  Leipzig.  1893);  S»k- 
mon,  Zcitschr.  1.  phyaiol.  Cheui.,  18. 

*Da  Hois-lteymoud's  Arch.,  1891;  Kriiger  and  Salomon,  Zeitschr.  f.  pbj** 
Chem.,  24  and  L'i;. 

<  Zritachr.  f.  pbysiol.  Chem.,  86,  and  also  Hoppe-Seyler-Thierf elder's  HandbuA 
7.  A 

•  Pflugcr'a  Arch.,  69. 
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ashed,  the  iiltruto  made  ieaZ,  and  the  xanthine  bodies  pre- 

cipitated again  by  silver  nitrate,  the  precipitate  oolieoted  on  a  small,  onlo- 
uhed  thoroughly,  dried,  carefully  incinerated,  the  ash 
I  in  nitric  acid,  and  titrated  with  anunonitiin  Buiphocyanioe  aCCOrd- 

i  VoLELASD'B  metnodL     The  anillionium-sulphoeyuuidc  solution  should 
1  grams  per  liter  and  iis  strer  lid  be  determined  by  a 

Fiivpr-nitratp  solution:  i  part  silver  oomBponda  t<>  0.277  gram  nitrogen  of 
all'vuric  bases  or  to  0.7:iSl  gram  alloxuric  Iklsi-s.  l»y  1 1 1 is  method  the 
uric-acid  and  alloxuric  bases  can  be  simultaneously  determined  in  the  same 
portion  of  urine.1 

Mai.fatti  j  determines  tho  nitrogen  of  the  alloxuric  bases  in  the  hydrochloric 
,M  :il  fUtratc  from  the  separated  uric  ju  id.     This  filtrate  is  evaporated  with  mag- 
until   ,.||    the  ammonia    hai   been  expelled   and    the  residue  used    for  the 
i  daul  determination. 

The  nitrogen  of  the  alloxuric  bases  is  also  determined  as  the  difference  between 
DCie-acid  nitrogen  and  the  total  nitrogen  of  the  alloxuric  bodies  of  the 

BR,  Ahnsii  i-,  j.  SaUCOWBH  has  raised  the  objection  to 
procedure  thai  if  is  no(  possible  to  remove  all  the  ammnni.i  Groin  the  Aver 
itate  by  washing.  According  to  Abnbtein,4  this  run  readily  be  dune  by 
fx>iling  the  precipitate  in  water  with  some  magnesia,  and  (BMH r  tfafiM  circum- 
stances tbifl  method  is  quite  serviceable.  Tho  nitrogen  i*  estimated  by  KflEti- 
DJJIL'fl  method.  The  uric-acid  nitrogen  multiplied  by  3  gives  tho.  quantity  of 
be  mixture  of  ■  I lox uric  bases  in  the  urine  is  not  known,  the  quantity 
of  nitrogen  of  the  alloxuric  bases  is  always  calculated  as  a  certain  alloxuric  base, 
for  example]  xanthine  (Cameker),  and  the  quantity  so  found  used  as  a  measure 
for  the  alloxuric  bases. 

Arcordiiii!  to  an  unpublished  method  of  KrL'okk  and  Sen  mid  (Hoppe-Se^  I 
Thierfei.der's   Handbuch,  7.  Aurl.,  43AJ  the  uric  acid  and  the  purin  bases  are 

{a  cuprouj  compound  by  copper-sulphate  .solution  and  sodium 
•isulphite.    The  precipitate  is  d>  <omposcd  in  sufficient  water  by  sodium  sulphide, 
and  tin:  uric  acid  precipitated  from  the  concentrated  filtrate  with  hydrochloric  acid, 
and  the  purin  bases  again  precipitated  from  this  filtrate  an  cuprous  or  silver  ooTO- 
da>     Finally,   the   nitrogen  in   tfa  >l   part  and   the  part  containing 

the  mixture  of  purin  bases  is  estimui 

We  can: i  ■  the  other  methods  luofa  ai  I  Damon  and  Niemi- 

iowicz,  and  the  method  Buggeeti  d  by  H.u.i,  *  for  eKnioal  purposes. 

Oxaluric  Acid,    Cfi^fit     (00NtH^.C0.C00H.      This    acid.    *h,w     nl 
to  uric  i'iii  and  urea  has  been  spoken  of  above,  dors  not  always  occur  in  the  <i 

lien  only  in  traces  ai  ammonium  salts.      This  Bait    is  not  directly  precipi- 
tated by  CbQj  and  NH„  but  after  boiling,  when  it  is  decomposed  Into 
oxalate.     In  preparing  oxaluric  acid  from  urine  the  latter  is  filter  d  through  animal 
charcoal.     The  oxulurate  retained   by  the  charcoal  may  be  obtained  by  boiling 
with  alcohol 

OOOFT 
Oxalic  Acid,  (',Iia04,  or  farvm  occurs  under  physiological  conditions, 

in  very  small  amounts  in  the  urine,  alxmt  0.02  gram  in  twenty-four  hours 


'  In  regard  to  the  details  we  refer  the  reader  to  the  original  paper. 

>€sntalbL  I  btmm  ICed.,  1807. 

•Camerer,  Zeitschr.  f.  Biologic.  2f>  and  2S;  Arnstein,  Zeitschr.  f.  physiol.  Chem.,  25. 

Ikowski,  1.  c;   Arnstein,  Centralbl.  f.  d.  med.  WUsensch.,  1.39S. 
*  NiemDowtm,    Zeitschr.    f.    phyaiol.    Chem.,    35;  Gittelmacher-Wilcnko,  ibid.,  36; 
Hall,  Wien.  klin.  Wochenschr..  IB. 
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.lmiNGKR ').    According  to  the  generally  accepted  view  it  exist*  in 
the  urine  as  calcium  oxalate,  which  is  kept  in  solution  by  the  arid  phos- 
phates present.    Calcium  oxalate  is  a  frequent  constituent  of  urinary  sodi- 
-  and  occurs  also  in  certain  urinary  calculi. 
The  origin  of  the  oxalic  acid  in  the  urine  is  not  well  known. 
add  when  administered  is  eliminated,  at  least  in  part,  by  the  uriin 
changed;'    and  as  many  vegetables  and  fruits,  such  as  cabbage,  spinach, 
a paragu  ,  --wi,  applet  grapes,  et&,  eontaia  oxalie  add,  il  b  pQeafbletbi 

a  part  of  the  oxalic  acid  of  the  urine  originates  directly  from  the  food. 
That  oxalic  acid  may  be  formed  in  the  animal  body  as  metabolic  pr< 
from  protcids  or  fats  follows  from  the  observations  of  Millk  and  LOthjb,1 
who  found  in  dogs  on  an  exclusively  meat  and  fat  diet,  as  also  in  starvation, 
that  oxalic  acid  was  eliminated  by  the  urine.  A  part  of  the  oxalic  acid 
may  also  be  due  to  a  greater  destruction  of  pxotefda  or,  as  found  i 
and  BOBBJ,  as  well  as  by  Tkkuay,  a  greater  quantity  <>f  oxalic  add  eliminate! 
with  diminished  oxygen  supply  and  increased  proteid  destruction.  Pure 
pnoteSd  doai  not)  according  to  Salkowski,*  increase  the  quantity  of  oxalic 
acid  eliminated;  on  the  contrary,  after  meat  feeding  the  amount  of  Una 
acid  is  increased,  due  in  part  to  the  meat  containing  oxalic  acid 

(Jelatine  and  gelatine-yieldirn:  tissues  s»eem  to  increase  the  ex- 
cretion of  oxalic  acid,  while  no  constant  increase  has  been  observed  alter 
feeding  nucleins.6  The  production  of  oxalic  acid  due  to  an  incomplete 
'liustion  of  the  earhohydrates  has  also  l>een  suggested.  The  work  of 
Hildehrandt  and  P.  Mayer  e  seems  to  indicate  this  under  abn 
conditions,  but  we  have  no  grounds  for  such  an  origin  for  oxalic  acid 
under  physiological  conditions.  The  same  is  true  for  the  formation  of 
oxalic  add  by  oxidation  of  uric  acid  in  the  animal  body.7 

Oxalic  add  is  best  detected  and  quantitatively  determined  acconlinsr 
to  the  method  suggested  by  Saueowbkx:    Taking  out  the  oxalic  add 
the  acidified  urine  by  means  of  ether  and  then  proceeding  as  follows  MM 
ing  to  AuTEsniF.TH  and  Barth:' 

inv-four-h'.ur    urine   is   precipitated    by   OaCl,   and    ammonia 
in  exo  tfter   18-20  hours    the  precipitate  is  collected   (the  fil 

muel  wr)  and  dissolved  in  a  little  hydrochloric  acid  and  shake: 


'  Deutsch.  Arch  f.  klin.  Mod.,  18.     See  also  Dunlop,  Joum.  Path,  and  Ra< 
5  In  regard  to  the  behavior  of  oxalic  Mid  in  the  animal  laxly,  aoe  page  639. 

•  Mffla,  Virchow's  Arch..  90;   Luthj«,  Zeitachr.  I  klin.  Med.,  35. 

4  Ilnde  and  Boari,  Wien.  med.  Wochensohr.,  1895;    Terray,  PflQgor's  Arch."*; 
Salkowski,  Bad.  klin.  Wocheuschr..  1900. 

•  See  Stradomsky.  Virchow'a  Arch..  108;    Mohr  and  Salomon,  Deutach  Arch ,£ 
klin    Ml  .  79;    Salkowwki.  L  c. 

•Hfldebnadt,Z6itaohr  f  phyaiol  Chem.,  15;  P.  Mayer,  Zvitechr.  f.  klin.  M<d , '<• 

TSee  Wiener,  Brgflbntaa  der  Physiol..  1.  Abt.  I 

•Solkowaki,  Zeitachr.  f.  phyaiol.  Chem.,  29;  Autenrietb  and  fourth,  ibid.,  IS 
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4-5   times   with    160-900    0.  c.    ether  (containing    3    per  cent   absolute 
aloobol).     The  united    ethereal   extracts   ar  d    through  a  dry  filter 

and  distilled  after  the  addition  of  about  5  c.  c.  of  water.  1  "he  liqn 
necessary,  is  decolorised  with  animal  charcoal  and  precipitated  with  ( 
and  ammonia,  made  aci<l  after  a  oertaio  time  with  seel  and  finally  the 

oxalate  is  collected,  washed,  burned,  to  CaO,  and  weighed. 


Nil.CH.HN 


pco 


occurs 


Allantoin  (glyoxyldiureid),  ('.H„-VJ,=OC( 

\N1I.C0  H,N' 

in   the  urine  of  children  within  the  first  eight  days  after  birth,  and   in 

von-  small  amount*  also  in  the  urine  of  adult*  (GuBBBBOW,  ZOQUH  and 

•!\nn).     It  is  found  in  rather  abundant  quantitta   ll  i&S  of 

ian1    women    (Gusserow).     Allantoin   has   also   been   found    in    the 

urine  of    sucking  calves    Wimu.K)  ;n  lines,  in  the  urine  of  other 

animals  (MbbBNEB).     It  is  also  found  in  the  auiti'mtir   fluid  and,  as  first 

shown  by  Yaoqobldi  and  La  in  the  allantoic  fluid  of  the  cow 

oe  the  i « < ! 1 1  j     Allantoin  i>  formad,  as  above  stated,  by  the  oxidation 

dd  outside  of  th    animal  b  ice  a  similar  formation  of  allan- 

i.  in    i-   admitted   in   thfl  animal   organism  (see   page  490).     According  to 

mhk\    and    Minkowski,2   allantoin    introduced    into   dogs    appears 

i:t inly   In   the  urine,  while  in  man  only  n  portion  of  the 

ingested  substance  is  eliminated  by  (•hslddnsys,    In  oamivora  theezare- 

of  allantoin  is  considerably  inc  eased  according  to  Minkowski,  ( 
SaUCOWSKT,  Minimi,  an. I   BBQWB  ■  after  feeding   thymus  or  pancreas.     A 
g    allantoin    excretion    is    also   found    in    dogs    after    poisoning    with 
hydrazine   (Bo  .    hydroxylamine,    semicarbazide,  and   aminogimni- 

dine  (Pom.  *).  lb-  also  obtained  allantoin  in  the  autolysis  of  the  Intes- 
tinal mucosa,  liver,  thymus,  spleen,  arid  pancreas.  As  no  allantoin  exist* 
in  the  organs  of  normal  starving  dogs,  and  as  Pohl  has  found  it  in  tin- 
liver  and  as  traces  also  in  the  other  organs  after  poisoning  with  h 

he  claims  that    the  allantoin    is  formed   in    the   nucleiu  destn; 
produced  by  the  death  of  the  cell-nuclei. 

Allantoin  [fl  a  BolorlflSS  SubstanOB  often  crystallizing  in  prisms,  dii'iniltly 
soluble  in  cold  water,  easily  soluble  in  boiling  water,  and  also  in  « 

•1,  but  not  soluble  Ul  cold  alcohol  or  ether.     A  watery  allantoin  soln- 
'jivea  no  p  its  with  sflver  nitrate  alone,  but  by  the  careful  addi- 

tion of  ammonia  a  white  flncculent  precipitate  is  formed,  C,H.Ae;N,0,,  which 

1  BlnfVir  and  Hermann,  hoc  Gusserow.  Arch.  f.  CJynukol,  8 — both  cited  from  Hupjjcrt- 
Ncut.ivupr.  Harn-Annlys«\  10  \ufl  .  VTl\  NVihler,  Annal.  d.  Chem.  u.  Pharm  .  7n: 
Meiasner.  Zeitochr  f   rat.  lied    CS).  31 ;   LaiuMiijrn*,  Annal.  de  Chim.  et  Phys.,  17. 

'Arch.  f.  vxp.  Path.  u.  Pharm  .  44;  Minkowski,  (bid.,  41. 

1  Minkowski.  1  c  .  And  OnJralhl.  f.  inner©  Med.,  1898;  Cohn,  Zcitochr.  f.  phvsiol. 
ntralhl.  f.  d.  ined.  Wissensch ,  1898;  Mendel  and  Brown, 
Amor  Journ.  of  Physiol.,  8. 

♦Arch.  f.  exp.  Path.  u.  Pharm.,  46. 
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is  soluble  in  an  excess  of  ammonia  and  which  consists  after  a  certain  time 
of  very   small,   transparent    microscopic  globules.     The  dry  preci; 
contains  10.75  per  cent  silver.     A  watery  allantoin  .solution  is  precipitated 
by  mercuric  nit  rate.     On  Continuous  boiling  allantoin  reduce*  1  i 
solution.     It  gives  Schiff's  furfurol  reaction  less  rapidly  and  less  intensely 
than  urea.     Alhuxtoio  does  not  give  the  murexid  test. 

Allantoin  is  most  easily  prepared  by  the  oxidation  of  uric  acid  I 
li tad    peroxide,     In  preparing  allantoin  from  urine,  proceed  acco 
\j>]  \\  r'a  '  method,  which  consists  of  the  following:      The  faintly  aei 
urine  is  precipitated  with  a  mercurous-nitrate  solution,  the  filtrate  treated 
with  H,S.  and  the  new  filtrate  precipitated  by  magnesium  oxide  and 
nitrate  after  the  removal  of  the  i  I:S      The  precipitate  b  filtered  off  and 
washed  with  warm  water  and  decomposed  with  ELB,  and  the  filtrate  evap- 
orated to  dryness.     The  residue  is  extracted   with  hot  water  and  then 

i.lniiin)  precipitated  with  nu-rcuric  nitrate.     The  precipitate  is  eoQ 
and   decomposed   by  H,S.     From   the   evaporated    filtrate   the  allantoin 
crystallizes  out.     This  method  can  be  used  for  the  quantitative  determina- 
tion of  allantoin. 

OC.GA 

Hippuric  Acid  (benzoyl- amino  acetic  acid),  CJLNO.  =     ■ 

II.\\CHrCOOU. 

Tins    acid    decomposes    into  benzoic   acid  ami    glycoooll    on  boiling  with 

mineral   acids  or  alkalies,   and    also  by  the  putrefaction   of   the  urine. 

The  reverse  of  thus  occurs  if  these  two  com|x>nents  an-  heated  in  a  sealed 

tube  awarding  to  the  following  equation:  CybT,CX)OH+NHrCHr000H- 

I :,l  1, .( n  M  I. OHj-OOO] .  ■  H,<).     Tins    acid    may     fc>  ally  pi*- 

I   from  benzamide  and  mortochlor  acetic  acid.  ('„!!,,.(>). Nil 
OOOH     <VHv™>-XH.CH3.COOH  +  HCl,  and    in   various  other  ways,  bat 
simplest  from  glycomll  and  benzoyl  chloride  in  the  presence  of  alkali. 

Hippuric  acid  occurs  in  large  amounts  in  the  urine  of  herbivora.bat 
only  in  small  « jiiarit it i- ■-  in  that  of  carnivora.     The  quantity  of  hip: 
acid  eliminated  in  human  urine  on  a  mi  is  usually  less  than  1  grain 

per  day;  as  an  average  it  is  0.7  gram.    After  eat] 
and  fruit,  especially  such  fruit  as  plums,  tin   quantity  may  l>e  more  Uiao 
2  grams.    Hippur.  also  round  in  the  perspiration,  blood,  suprarenal 

capsule  of  oxen,  and  is  ichthyosis  scales.    Nothing  is  pa  known  in 

regard  to  the  quantity  of  hippuric  acid  in  the  urine  in  >i: 

be  Formation  of  Hi-ppuric  the  Organism.     Bens 

also  I  d  benzoic  acids  are  converted  into  hippuric  acid  an- 1 

-tirut.d  hippuric  acids  within  the  body.     Moreover,  those  bodies  are  Uau*- 

id    into    hippuric    acid    which    by    oxidation    (toluene,    einnamic  acilii 
hvdrocinnamic  acid)  or  by  reduction  (quinic  acid)  are  converted  into  ben- 

icid.    The  question  of  the  origin  of  hippuric  acid  is  therefore  connect**! 


•  Arch.  f.  exp.  Path.  u.  Pharm.,  44. 
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ith  the  question  of  the  origin  of  benzoic  acid;  the  formation  of  the 
second  component,  glycocotl,  from  the  protein  substances  in  the  body  is 
unquestionable. 

Hippuric  arid  is  found  in  the  urine  of  starving  dogs  (Salkowski),  also 
in  dog's  urine  after  a  diet  consisting  entirely  of  meat    (Mkissnkh  and 

HSPABD,  Salkowski,  and  others').     It  is  evident  that  tin 
originates  in  these  cases  from  the  proteids,  and  it  m  gsnen  itted  that 

it  is  produced  by  the  putrefaction  of  proteids  in  the  Intestine.  Among  the 
products  of  the  putrefaction  of  pxoteid  <..ui  id  f  the  Ixxly  Salkowski  has 
bond  phenylpropionic  acid.  CVIt,GrTt.CHt.C0OHJ  which  fa  oxidized  in 
the  organism  to  benzoic  acid  and  eliminated  as  hippuric  acid  after  combin- 
ing with  glycocoll.  Phenylpropionic  acid  seems  to  be  formed  from  the 
aminophem  Ipropionic  acid,  which  is  derived  from  several  protein  substances. 
The  supposition  that  the  phenylpropionic  acid  is  produced  from  i\ -rosin  by 
putrefaction  in  the  intestine  hM  Q0t  been  substantiated  by  tin 
Baumaxv,  BgBOTTBNj  and  liws.3  The  importance  dJ  p'n refaction  in  the 
intestine  hi  producing  hippuric  acid  is  evident  from  the  fact  that  after 
thoroughly  disinfecting  the  intestine  of  dogs  with  calomel  the  hippuric  acid 
disappears  from  the  urine  (Baumann  ■). 

The  large  quantity  of  hippuric  acid  present,  in  the  urine  of  hcrbivora  is 
!v  explained  by  the  specially  active  processes  of  putrefaction  going  on 
in  the  Intestine  of  these  animals,  hut  it  is  especially  due  to  the  large 
quantity  of  substances  in  the  plant-food  from  which  benzoic  acid  can  be 
formed.  There  is  hardly  any  doubt  that  the  hippuric  acid  in  human  urine 
after  a  mixed  diet,  an  llv  after  a  diet  of  vegetables  and  fruits,  origi- 

nates in  part  from  the  aromatic  substances,  e.  g.,  quinic  acid. 

The  view  proposed  by  Wkiss  and  others  that  a  parallelism  sadstfl  between 

ihe  excretion  of  hippuric  acid  ami  uric  acid  in  that  an  increase  in  t< 

(allowed  by  a  diminution  in  the  second  and  that,  for  example,  qpiinic  toid  produces 

a  diminution  in  the  excretion  of  uric  uc'vl  corresponding  to  the  increased  forma- 

;  hippuric  acid  (Wkiss,  LbWIM)i  cannot  be  i  as  sufficiently  proved  4 

I  he  kidneys  may  be  considered  in  rings  as  special  organs  for  the  syn- 
■    tnppurifl  IEBQ  and    Bl     <i5).     In  other  animals, 

•its,  the  formation  «>f  tuppuxic  add  seems  to  take  place  la  other 


•Salkowski.  Iter.  d.  deutech.  chem.  Owwftwh     11,  Vleksner  and  Shepard,  t'nt.vr- 
fucb.  ubcrdu*  EutsU-hen  dcr  Ilippurslkure  im  thierischen  OnjanfaniQBl    Baosover,  L866 
'  E.  and  H.  Salkowski,  Bar.  d.  deutech.   chem.  GeaelUch.,  12;  Kallmann,  Zcitachr. 
ioL  Chem.,  7;  Schotten,  ibid.,  8;  Bias,  ibid.,  11. 
'.,  10,  131. 
•  Weiss.  Zeitsch.  f.  physiol.  Chem..  2ft,  *-»7.  .IS;    Levin,  Zoitachr.  f.  klin.  Med.,  42} 
'•■r.  Zeitsohr.  f    physiol.  ("hern,  ',\7.     See  also  Wiener,  "Die  H:ini-:.Uro,"  Ergeb- 
.ler  PI.vmuI.,   1.  Al,t.   1. 
1  Arch.  f.  exp.  Puth.  u.  Pharm.,  0;  also  Ar.  Hoffmann,  trtd.,  7,  and  Kochs,  Pflugcr's 
Arch  ,  20;  Baanford  and  Cramer,  ZciUcbr.  f.  physiol.  Chem.,  .'{.*. 
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organs,  such  as  the  liver  and  muscles.  The  synthesis  of  hippuric  acid  is 
therefore  not  exclusively  limited  to  any  special  organ,  though  perhaps  in 
some  species  of  animals  it  may  be  more  abundant  in  one  organ  than  in 
another. 

Properties  and  Reactions  of  Hippuric  Acid.    This  acid  crystallizes  in 
semi-transparent,  long,  four-sided,  milk-white,  rhombic  prisma  or  columns, 
or  in  needles  by  rapid  crystallization.    They  dissolve  in  600  parts 
water,  but  more  easily  in  hot  They  arc  easily  soluble  in  alcohol, 

i.ni  with  difficulty  in  ether.  Tin- acid  dissolves  more  easily  (about  l'J  timet) 
inaeHK  Bthex  than  in  ethyl  ether.  Petroleum  ether  ha-  no  effect  upon  them. 
heating  hippuric  acid  it  first  melts  at  187.5°  C.  to  an  oily  liquid 
which  crystallize*  on  cooling.  By  continuing  the  heal  it  decomposes,  pro- 
ducing a  red  mass  and  a  sublimate  of  benzoic  acid,  with  the  generation, 
fn>t,  of  a  peculiar  pleasant  odor  of  hay  and  then  an  odor  of  h\ 
acid.  Hippuric  acid  is  easily  differentiated  from  benzoic  acid  by  this 
behavior,  also  l.v  its  crystalline  form  an.l  Its  Insolubility  in  petroleum 
i .  Hippuric  acid  and  benzoic  acid  both  give  Lucre  's  reaction,  namely, 
ihf'V  an  intense  odor  of  nil roU-nzene  when  evaporated  to  dryness 

with  nitric  acid  and  when  the  residue  is  heated  with  sand  in  a  glass  tote 
Hippuric  acid  forms  crystallizable  salts,  in  most  cases,  with  bases.  The 
combinations  with  alkalies  and  alkaline  earths  are  soluble  in  water  and 
alcohol.  The  silver,  copper,  and  lead  salts  are  soluble  with  difficult 
water;  the  ferric  salt  is  insoluble. 

Hippuric  acid  is  best  prepared  from  the  fresh  urine  of  a  horse  or 
The  urmc  is  boiled  a  few  minutes  with  an  excess  of  milk  of  lime, 
liquid  is  filtered  while  hot,  concentrated  and  then  cooled,  and  the  hippuric 
acid  precipitated  by  i   ■  ion  of  an  excess  of  hydrochloric  acid.    Tbc 

Crystals  are  pressed,  dissolved  in  milk  of  lime  by  boiling,  and  treated  as 

•  ;    the  hippuric  acid  is  precipitated  again  from  thi 
tiate  by  hydrochloric  acid.     The  cryst  .urihed  by  rccrystallization 

and  decolorized,  when  necessary,  by  animal  charcoal. 

The  quantitative  estimation  of  hippuric  acid  in  the  Ufl  be  per- 

formed by  the  following  method  (Bunge  and  ScmaBMBSBG  '):  The  urine 
is  first  made  faintly  alkaline  with  soda,  evaporated  nearly  to  dryness,  and 
the  residue  thoroughly  extracted  with  strong  alcohol.    After  the  evapora- 
of  the  alcohol  the  residue  is  dissolved  in  water,  the  sol  lifted 

with  sulphuric  acid,  and  completely  extracted  by  agitating  (at  least  five 
times)  with  fresh  portions  of  acetic  ether.    The  acetic  ether  is  then  re- 

fieatedly  washed  with  water,  which  is  removed  by  means  of  a  separator)' 
unnel,  then  evaporated  at  a  medium  temperature  and  the  dry  n 
treated  repeatedly  with  petroleum-ether,  which  di    ohrea  the  be; 
oxyacids,  fat,  and  phenols,  while  the  hippuric  acid  remains  undi> 
Tills  residue  Ls  now  dissolved  in  a  little  warm  water  and  evaporated  at 
50-60°  C.  to  crystallization.     The  crystals  are  collected  on  a  small  weighed 

1  Arch.  f.  exp    Path    u.  Pharra..  ft.     In  regard  to  other  methods,  such  as  Blumea* 
thai  as  well  as  Pfeiffer,  Ploch  and  Riecke.  see  Maly's  Jahresber  .  30  and  39 
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filter.  The  mother-liquor  is  repeatedly  shaken  with  acetic  ether.  This 
last  is  removed  and  evaporated;  the  residue  is  added  to  the  above  crystals 
on  the  filter,  dried  and  weighed. 

PhenacBturic  Add,  CjJI^NOj-QHs.CHj.CD.NH.CHj.COOH.  This  acid,  which 
is  produced  hi  the  animal  body  by  a  combination  of  plycocoll  with  the  phenyl" 
noetic  arid,  CjIIj.CIIj.COOH,  formed  in  the  putrefaction  of  the  proteids,  has 
been  prepared  from  horse's  urine  by  .Su.kowski,1  but  it  probably  also  occurs 
in  hum  in  urine. 

Benzoic  Acid,  C^H^O,  or  CflH6.COOH,  is  found  in  rabbit's  urine  nod  BOmetimeB, 
though  in  small  amounts,  in  dog's  urine  (Weyi.  and  v.  Ambkp).  Icoordiag  to 
Jaarsvblo  and  Sti.kvis  and  to  Kronecker  it  is  also  found  in  hu  n<-  in 

diseases  of  the  Iddsnyn.  The  occurrence  of  benzoic  acid  in  the  urine  seems  to 
be  due  to  a  fermtnitative  decomposition  of  hippuric  acid.  Such  a  dnnuUUUSftioa 
«asily  occur  in  an  alkaline  urine  or  in  one  containing  protaid  (VAM  DE 
I  and  Stokvis).  In  certain  animals — pigs  and  dogs — the  kidneys,  accord- 
ing IoSchmisdkkkko  and  Mink- nv ski, J  contain  a  special  enzyme,  Schmiedeueru's 
kistoxym,  which  splits  the  hippuric  acid  with  the  separation  of  benzoic  and. 

Ethereal  Sulphuric  Acids.  In' the  putref action  of  proteids  in  the  intes- 
..!•-'•  motfcar«gubBtanec  h  considered  to  be  ty  rosin,  nzu)  indol 
and  skatol  are  produced.  These  phenols  directly,  and  the  two  last-named 
bodies  after  they  have  been  oxidized  respectively  into  indoxy]  and  skatoxyl, 
pass  into  the  urine  as  ethereal  sulphuric  acids  after  uniting  with  sulphuric 
acid.  The  most  important  of  these  ethereal  acids  are  phenol-  and  cresol- 
•iric  acids — which  wen-  formerly  also  called  phcnol-furming  substances 
— indoxyl-  and  skaloxyl-sulphuric  acids.  To  this  group  belong  also  the 
pyrocatechin-siUphuric  acid,  which  occurs  only  in  very  small  amounts  in 
human  urine,  and  hydroqirinonc-sulphuric  acid,  which  appears  in  the  urine 
after  poisoning  with  phenol,  nod  under  physiological  conditions  perhaps 
other  ethereal  acids  occur  which  have  not  been  Isolated.  The 
sulphuric  acids  of  the  urine  were  discovered  and  .specially  studied  by 
KANN.J  The  quantity  of  tfaetS  acids  in  human  urine  is  small,  while 
horse's  urine  contains  larger  quantities.  According  to  the  determine 
ctf  v.  u.  Vki.dkv  the  quantity  of  ethereal  sulphuric  acid  in  human  urine  in 
the  twenty  -four  hours  varies  between  0.094  and  0.620  gram.  The  rela- 
tionship of  the  sulphate-sulphuric  acid  A  to  the  conjugated  sulphuric  acid 
B  in  henlth  h  on  an  average  as  10  : 1.  It  undergoes  such  great  variations, as 
found  by  BAUMANN  and  Herter.4  and  after  them  by  many  other  in 
gaton,  that  it  Is  hardly  jmssible  to  consider  the  average  figures  as  normal. 
After  taking  phenol  and  certain  other  aromatic  substances,  as  well  as  when 
putrefaction  within  the  organism  is  general,  the  elimination  of  ethereal 

1  Zeitschr.  f.  phyriol.  Chem.,  9. 

'  Weyi  and  v  Anrep,  Zeitschr.  f.  physiol.  Chem.,  4;  Jaantveld  and  Stokvis,  Arch. 
f.  exp.  Path.  u.  Pharm..  10;  Kronecker,  ibid.,  16;  Van  der  Velde  and  StokvU,  Aid., 
17;  Schmiedeberg,  ibid.,  14,  379;  Minkowski,  ibid.,  17. 

1  Pfluger's  Arch..  12  and  13 

•v.  d  Velden,  Yirchow's  Arch.,  70;  Herter.  Zeitschr.  f.  physiol.  Chem.,  1. 
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phuric  acid  fa  greatly  increased.  On  the  contrary,  it  is  diminished  whea  iho 
putrefaction  in  the  intestine  is  reduced  or  prevented,  lor  this  reason  it 
may  be  greatly  diminished  by  carbohyd rates  and  exclusive  milk  diet.1  The 
intestinal  putrefaction  and  the  elimination  of  ethereal  sulphuric  acid  has 
also  been  diminished  in  certai  rtain  therapeutic  agents  which 

have  an  antiseptic  nation;  still  the  statements  are  not  unanimous.9 

Great  importance  has  been  given  to  the  relationship  between  the  total 
sulphuric  :icid  and  the  conjugated  sulphuric  acid,  or  between  the  conjugated 
sulphuric  acid  and  the  sulphate-sulphuric  acid,  in  the  study  of  the  intensity 
of  the  putrefaction  in  the  intestine  under  different  conditions.  Several 
investigators,  I*.  BfttbLSB,  S.u. kowski,  and  v.  \<n)i£DK.\,J  consider 
rectly  that  fch  DShfpiB  only  of  secondary  value,  and  that  it  is  more 

<-t  to  consider  the  absolute  value.     It  must  be  remarked  that  the  abso- 
lute values  for  the  conjugated  sulphuric  acid  also  undergo  great  van 
so  that  it  is  at  present  impossible  to  give  the  upper  or  lower  limit  for  the 
normal  value. 

Phenol-     and     p  -  Cresol  -  sulphuric     Acid,    C0H5 . 0.  SO, .  OH     and 

These  acids  arc  found  as  alkali  salts  in  human 


ru  ^O..SOa.OH 


in  which  also  orthocresol  has  been  detested.    The  quantity  of  cresol-suh 
acid  is  considerably  greater  than  phenol-sulphuric  acid     In  the  quantit 
estimation  the  phenols  are  set  free  from  the  two  ethereal  acids  and  deter- 
mined together  as  tribromphenol.    The  quantity  of   phenols   which  are 
separated  from  the  ethereal-sulphuric  acids  of  the  urine  arOO  17  S3 

milligrams  in  the  twenty-four  hours  (Munk).     The  methods  for  the  quo 
live  estimation  used  heretofore  give,  according  to  Rumpf.  as  w  -sua 

and  Pknnv,1  such  inaccurate  results  that  new  determinations  are  very  dew* 
able.     After  a  vegetable  diet  the  quantity  of  these  ethereal-sulphuric  acids  is 
greater  than  after  a  adzed  diet.     After  the  ingestion  of  carbolic  acid,  whidi 
is  in  great  part  converted  by  synthesis  within  the  organ]  m  in 
sulphuric    a<-  also    pyrocatechin-    and    hydroqu'non-sulpl 

acid,*  or  when  the  amount  of  sulphuric  ac  ■     tit  to  c«" 


'See  Hirschlcr,  Zeitoclir.  f.  physioL  Chein.,  10;   Riemacki.  I  (  klin 

Med.,  40;   Bovigbi,  SSehaefcr.  f   jihysiul.  Chem.,  16;    Winternita,  ibid.,  as 
.  17  and  10. 

'See  Baumann  and  l&orax,  Zdtachr.  f    phymol    Cbem.,  10;    S lei  ft*,  Zeitacl>r  L 
Win.  Med.,  16;    Rovighi,  I.  c.;  Stern.  Zeitschr.  f.  Hygiene,  12;   and  I 
hr.  f.  physio!.  Chem.,  17;    Mosne,  Untl  ,  23 

■UOllsr,  Zciis.-hr.   f.  kliu    Med.,  IS;    v.  Nonnlen,  ibul  ,  17,    BftOdowrid,  Z-itachr. 
f.  pay  .  12. 

1  Muiik.  Pflugcr's  Arch.,  12;  Rumpf,  Zcitachr.  f.  physinl.  Chem.,  10;   Eoaaler  and 
Penny,  B 4& ..  17 

'See  Baumann,  Pfliigcr'a  Arch.,  12  and  13,  and  Baumann  and  Preuase,  Zeitachr. 
f.  physiol.  Chem.,  S,  156. 
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ith  the  phenol,  it  forms  phenyl-^!"' •uroiiic  acid.1  the  quantity  of  phenols 
ui  ethereal-sulphuric  adds  in  the  urine  is  considerably  increased  at  the 
e  of  the  sulphate-sulphuric  acid. 
An  increased  elimination  of  phenol-sulphuric  acids  occurs  in  active 
putrefaction  in  the  intestine  with  stoppage  of  the  contents  of  the  intestine, 
in  Seas,  diffused  peritoniti  with  itoay  of  the  intestine,  or  tuberculous 
ritiBj  but  sot  in  simple  obstruction.  He  rihnination  Ls  also  increased 
by  the  absorption  of  the  product  <>f  putrefaction  from  purulent  wounds  or 
abscesses.  An  increased  elimination  of  phenol  has  been  observed  in  a  few 
other  eases  of  diseased  conditions  of  the  body.1 

The  alkali  salts  of  phenol-  and  cresol-sulphuric  acids  Crystallise  in  white 

mother-of-pearl,  which  are  rattier  freely  soluble  in  water. 

are  soluble  in  hotting  alcohol,  but  only  slightly  soluble  in  cold.     On 

boiling  with  dilute  mineral  acids  they  are  decomposed  into  sulphuric  acid 

and  the  corresponding  phenol. 

Phenol-sulphuric  acids  have  been  synthetically  prepared  by  Bapxmnn 
rorn  potassium  pyrosulphate  and  phenol-  or  p-cresol-potassium.     For  the 
method  of  iheir  preparation  from  urine,   which  is  rather  complicated,  and 
for  the  known  phenol  reactions,  the  reader  is  referred  to  other  text- 
books.   The  quantit:v  n  of  these  ethereal-sulphuric  acids  was 
usually  p               i  by  weighing  the  phen   I  which  was  separated  from  the 
as  tribi                 I.      At    tin-  present  time  the  following  method   is 
employed: 

Kossler  and   Penny's  method  with  Neuberg's"  modification.    The 
i  containing  phenol  is  treated  with  N/10  caustic  soda  until  strongly 
alkaline,  warmed  on  i1  r-bath  in  a  flask  with  a  glass  stopper, 

then  treated  with  an  excess  of  N/10  iodine  solution,  the  quantity 
exactly  measured.    Sodium  iodide  ia  first  formed  ana  then  sodium  hypo- 
iodite,  which  latter  forms  t ri-iodophenol  with  the  phenol  according  to  the 
following  equation: 

CJI3oil-r-3NaIO-C1.II,l1.oiI  |  BNaOH. 

idify  with  sulphuric  acid    an  nine  by  titration 

t  sodium  thiosulphate  solution    the  excess  of    iodine.      This    process 

is  also  available  for  the  estimation  of  paracresol.      Each  cubic  centimeter 

dine  solution  used  i>  equivalent  to  l.ntiTO  milligrams  of  phenol  cm 

1.8018  milligrams  of  cresoL     As  the  determination  does  not  give  any  idea 

a-  to  the  variable  proportions  of  the  two  phenols,  the  quantitv  of  iodine 

must    Ik-  calculated  as  one  or  the  other  of  the  two  phenols.     Before 

lUOb  a  determination  out  the  concentrated  urine  is  first  distilled 

after  acidification  with  sulphuric  acid  and   the  distillate  purified   l>\ 

and   distilled   again   (Neubebi  >.     For  details,   see 
IBBG,  1.   c.  and  II  i:-Tiiii:hfi.i.i)i:i:'s  ETandbuch,  7.  Aufl. 


■g,  Arch.  f.  ex  p.  1'nth.  u.  I'barm.,  14. 
Hoppe-Sevler.   Zcitschr.    f.   phyaioL   Chem..   12.     This   contains   also  all 
Nfereneci  to  the  literature  cob  this  lubjeet,     Pedflti,  Moicschott'a  Dntcnoeh.,  15. 
*  Kuaalcr  and  Penny,  Zeitschr    f.  physiol.  Chem.,  17;   NoobAR,  fbii  .  27. 
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The  methods  for  the  separate  determination  of  the  conjugated  sulphuric 
acid  and  the  sulphate-sulphuric  acid  will  be  spoken  of  later  in  connection 
with  the  determination  of  the  sulphuric  acid  of  the  urine. 

Pyrocatechin-sulphuric  Acid.  This  acid  was  first  found  in  horse's  urine  fa* 
rather  large  quantities  by  Baumann.     It  occurs    in  human  urine  only  in 

smallest  amounts,  and  perhaps  not  constantly,  but  it  is  present 
abundantly  in  the  urine  after  talcing  phenol,  pyrocatechin,  or  protocatechuie 
acid. 

With  an  exclusive  meat  diet  this  acid    does  not  occur   in  the  urine,  and  H 

i  In  avian  must  originate  from  vegetable  food.     It  probably  originates  from  the 

proto«!it« « lmii-  H«  id.  wh  i (ling  to  I'kkusse,  passes  in  part  into  the  urine 

as   pyrocatechin-sul  |  Ikllrii    acid.     This   acid   may  also   perhaps   depend  on  the 

aion  of  phenol  within  the  organism  (Haivann  and  Preusse  *J. 

Pyrocatechin,  or  k-didwhkn/.knk,  Cr."«11 'II ),,  was  first  observed  in  the  urine 
of  a  chilli  .  and  J.  Mi'i.i.Kn).     The  reducing  body  AlGAPTOBf, 

Iiv  Booekeh  2  in  human  urine  and  which  was  considered  for  a  long  time  as  ident- 
ieal  w.ili  pyrocatechin,  is  in  most  cases  probably  hornogertfixic  acid  or  uroleuck 
acid  (see  below). 

Pyrocatechin  crystallizes  in  prisms  which  arc  soluble  in  alcohol,  ether,  and 
water.  It  melts  at  10  '-KM*  C,  and  sublimes  in  shining  plates.  The  watery 
solution  becomes  green,  brown,  and  ultimately  black  in  the  presence  of  alkali  and 
the  oxygen  of  the  air.     if  very  dilute  I-  rrio  i  blond  U  d  with  t . 

and  men  mads   alkaline   with   ammonia,  and  this  added  to  a  watery  so 

of  pyri'iiilcihin.  «r  nl. t.iin  a  violrt  Of  cherry-red  liquid  which  Incomes  green 
on  saturating  with  acetic  acid.  Py  ocatechin  is  precipitated  by  lead  acetate. 
It  reduce!  n  ammoaia  utinn  at   the  ordinary  temperature,  and  re- 

duces alkaline  oopperoodde  solutions  with  heat,  but  does  not  reduce  bismuth 

A  urine  containing  pyrocatechin,  if  exposed  to  the  air,  especially  when  alkaline, 

auicklv  becomes  dark  and  reduces  alkalino  copper  solutions  when  heated.    In 
Bteeting  pyrocateebio  ill  the  urine   it  is  concentrated  when  necessary,  filtered, 
boiled  wiih  the  addition  of  .sulphuric  acid  to  remove  tb  .itedr/ 

shaken  after  cooling  with  ether.  The  ether  is  distilled  from  the  several  ethereal 
extracts,  the  residue  neutralized  with  barium  carbonate  and  shaken  again  with 
ether.  The  lymcateehin  wUoh  remains  after  evaporating  the  ether  may  I* 
purifi'-i!  !>•    i'  'crystallization  from  bene 

Hydroquinone,  at  P-DXOXtBBNl k.ve,  CnH4(OH),,  often  occurs  in  the  urine  alw 
the  use  of  phenol  (Bat-man.n  and  Phf.is.se).  The  dark  color  which  certain  urine*. 
so-called  carbolic  urines,"  assum*  in  the  air  is  due  to  deooinpoflitJofl  products. 
Hydroquinone  does  not  occur  as  a  normal  constituent  of  urine,  but  after  the  id* 
iatratton  of  hydroquinone,  according  to  LswXN,"  it  peseei  into  the  urine  of 
its  as  an  ethereal-sulphuric  acid,  being  a  decomposition  product  of 
arbutin. 

Hydroquinone  forms  rhombic  crystals  which  are  readily  soluble  in  wate*. 
alcohol,  and  ether.     It  melts  at    169°  C.     Li!  •eelun,    it   easily    reduotf 

metallic  oxides.     It  ad  ►catcchin  wil  ;dt*ted 

with  lead  acetate.     It  is  oxidized  into  quinone  by  ferric  chloride  and  other  oxidii- 

agenta,  and  quinone  can  Ix?  detected  by  its  peculiar  odor.  Hyd 
sulphuric  acid  is  detected  in  the  urine  by  the  same  methods  as  p\ 
sulphuric  add 


I 


1  Baumann  and  Herter,  Zeitschr.  f.  pbysiol.  Chern.,  1;   l'reusse,  ibid.,  2:  BaunjaM, 
ibid.,  I. 

»Ebstein  and  Muller.  Virchow'i  Arch.,  62;  Bodeker,  Zeitschr.  f.  rat.  Med. 
•  Virchow,aArch.,lW. 
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Indoxyl-sulphuricAcid,C,H7XS04-HC      C-€.O.SO,(OH),  also  called 

Hfc      C     CH 

w 

CH  Ml 
CBZH1  indican,  formerly  called  uroxanthine  (Hk.ller),  occurs  as  an  alkali- 
salt  in  the  urine.  This  acid  is  the  mother-substance  of  a  great  part  of 
the  incline  of  the  urine.  The  quantity  of  indigo  which  can  be  separated 
from  the  urine  is  considered  as  a  measure  of  the  quantity  of  indoxyl-sul- 
phuric  acid  (and  indoxyl-glucuronic  acid)  contained  in  the  urine.  This 
amount,  according  to  Jaffe/  for  man  is  5-20  milligrams  per  twenty-four 
hours.  Horse's  urine  contains  about  twenty-five  times  as  much  indigo- 
forming  substance  as  human  urine. 

Indoxyl-eulphuric  acjj  is  derived,  as  previously  mentioned  (page  335), 
from  indol,  which  is  first  oxidized  in  the  body  into  indoxyl  and  is  then 
coupled  with  sulphuric  acid.  After  subcutaneous  injection  <  &  in<  1  >1  the  elimi- 
nation of  indican  Is  considerably  increased  (Jaffk,  Baumann  and  Brieoer). 
It  is  also  increased  by  the  introduction  of  orthonitrophcnylpropiolic  acid 
in  the  animal  organism  (G.  Hoppk-Skvi.fr  t),  Indol  is  formed  by  the 
putrefaction  of  proteids.  The  putrefaction  of  secretions  rich  in  proteid  in 
tlie  intestine  explains  also  the  occurrence  of  indican  in  the  urine  during 
starvation.  Gelatine,  on  the  contrary,  does  not  increase  the  elimination  of 
indican. 

An  abnormally  increased  elimination  of  indican  occurs  in  such  diseases  as 
obstruct  the  small  intestine,  causing  an  increased  putrefaction  and  thus  pro- 
ducing an  abundance  of  tndoL  Such  an  increased  elimination  of  indican 
occurs  on  tying  the  small  intestine  of  a  dog,  but  not  the  large  intestine 
(.Uffe),  an  observation  which  baa  bflOO  confirmed  recently  by  Ellinger 
and  Prutz.*  They  removed  an  intestinal  loop  in  dogs  and  replaced  it 
in  a  reversed  position,  the  distal  end  of  the  loop  being  attached  to  the 
proximal  end  of  the  intestim  sad  tn  this  manner,  by  the  inverted  peristalsis 
so  obtained  they  effected  a  disturbance  in  the  movement  of  the  intestinal 
contents.  It  was  shown  that  this  obstruction  in  the  small  intestine  caused 
an  incnaaed  elimination  of  indican,  while  an  obstruction  in  the  largo  intes- 
tine showed  no  such  action. 

The  putrefaction  of  proteids  in  other  organs  and  tissues  besides  the 
intestine  may  also  cause  an  increase  in  the  indican  of  the  urine.  Certain 
investigators,  Blumenthal,  Rosenfeld  and  Lewin,  claim  to  have  shown 

•  Pfliiger's  Arch  ,  3. 

'JaflY\  Ontralhl.  f.  d.  med.  WiwenBcb.,  1872;    Baumann  and  Brieger,  Zeitschr.  C 

!.  Ch«m.,  3;  O.  Hoppe-Sayler,  ibid.,  7  and  8. 
■  Jaff*.  Virchow'a  Arch.,  70;  Ellinger  and  Prutz,  Zeitachr.  f.  physiol.  Chera.,  58. 


that  an  increased  excretion  of  indican  can  be  brought  about  also  without 
putrefaction  by  an  increased  destruction  of  tissue  in  starvation  and  also  after 
phlorhizin  poisoning;  but  these  statements  are  actively  disputed  by  other 
investigators,  such  as  P.  Mayj.h.  SCBOIS,  rod  Bluhgbb,1  an  11  un- 

settled. After  poisoning  with  oxalic  acid  Habnack  rod  v.  Lf.ykn  found  an 
increased  indican  elimination  and  Moraczewski  has  been  able  to  prove  a 
certain  parallelism  between  tin-  quantity  of  indican  and  the  quantity  of  oxalic 
acid  in  diabetee.  Bchdlb *  obtained,  on  the  contrary,  no  meroaao 
excretion  of  indican  after  oxalic  acid.  An  increased  eliminatinn  of  indican 
has  1  Tved  in  many  diseases,*  and  in  these  cases  the  quantity  of  phenol 

mated  is  also  generally  increased.     A  urine  rich  in  phenol  is  not  always 
rich  in  indican. 

The  potassium  salt  of  indoxyl-sulphuric  acid,  which  was  prepared  pure 
by  Baumann  and  Brikger  from  the  urine  of  a  dog  fed  on  indol,  has  since 
been  prepared  synthctica 1 1  LSHCANM  and  Tbb&n/  by  fusing  pb 

glycin-ortlii>.;i!l>«uiic  acid  with  alkali  and  then  from  tins  producing  the 
indoxyfaulphate  by  means  of  potassium  pyroaulphata.  It  crystallizes  in 
colorless,  shining  plates  or  leaves  which  are  easily  soluble  in  water,  hut  less 
readily  in  aleohol.  It  is  split  by  mineral  acids  into  sulphuric  acid  and 
indoxyl.     The  latter  without  access  of  air  passes  into  a  red  compound, 

■  ^yl-red,  but  in  the  presence  of  oxidizing  reagents   is  converted  ink) 
indigo-blue:  2C,H7X<  )  +  -H)  =  C1(1HI0NJO,+2H,O.     The  detection  of  in 
is  based  on  this  last  faoi 


dican 


I 'or  the  rather  complicated  preparation  of  indoxyl-sulphuric  acid  as  the 
potassium  salt  from  urine  the  reader  Is  referred  to  other  text-bo 
the  detection  of  indican  in  urine  in  ordinary'  eases  the  following  metl 
Jaffe-Ohkrmaykk.  which  abo  serves  as  an  approximate  test  for  the  quan- 
tity of  indican,  is  sufficient. 

jAFrib-OnERMAVKu's  hulican  Test.     Jaffe  uses  chloride  of   lime 
oxidizing  agent,  while  ObXBMA  FEB  employe  ferric  chloride      ( )ther  oxidizing 
agents  have  been  suggested,  SUOh  as  potassium  permanganate,  potii 
bichromate,  alkali  chlorate,  and  hydrogen  peroxide  (the  latter  siur.- 
by  POBCHBB  and  Hervieux  »).      With  QbsbmaYKB.'B   reagent  the  t 
imed  as  follows: 

1  Blumenthal,  Arch.  f.  (Anat.  U.)  Physiol.  1901,  Suppl.,and  1902.  with  Roaenfeii 
Chant©  annalen,  27;  Lewin,  nofmeister's  Beitrage,  1;  Mnyer.  Arch.  f.  I  Anal  u) 
Physiol..  1902,  Zeitschr.  f.  klin.  Med.,  47,  and  Zeitschr.  (.  phyaiol.  Chem.,  29.  32;  SchoU, 
ibid..  33;   Ellinger,  ibid.,  39. 

mack,  ibid.,  29;  Scholz,  1.  c;  Moraczewski,  OanfcnlbL  f.  innere  Med.. 
JaJW,  Pflflgor'a  Arch  ,  ft;    Senator,  CentralM.  f.  <J.  med.   Wiaeensci 
O.i  l«r,  Zeitachr.    f.    phyaiol.   Chem.,   12    (containe  older  literature);    ibo 

Bcrl.   klin.  Wochcnachr..   1S92. 

•  Raumann  with  firieger,  Zeitachr.  f.  phyaiol.  Chem.,  3;  with  Theaen,  ibid.,  23 
•Jaffe,  PflUger'B  Arth,  3;    Obermaycr.  Wien.  klin.  Wochenschr.,  1890;    Pordxf 
and  llervieux.  Zeitachr.  f.  phyaiol.  Chem.,  J9. 
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The  acid  urine  (if  alkaline  it  must  be  acidified  with  acetic  acid) 
(Ellingkk)  is  precipitated  with  basic  lead  acetate,  1  c.  c.  for  every  10  c.  C. 
of  the  urine.  20  c.  c.  of  the  ii  ll  rate  are  treated  in  a  test-tube  with  an  6 
volume  of  pure  concent  rated  hydrochloric  acid  {specific  gravity  1.19) 
which  contains  2-4  grams  ferric  chloride  in  the  liter  and  2-3  c.  c.  chloro- 
form added  and  inu>  Igiuj  shaken.  The  chloroform  is 
colored  hereby  more  or  less  blue,  depei  poo  the  amount  of  ind  i 

blue  we  may  also  have  indigo  red  produced,  whose  formation 

has  been  explained  in  various  ways.     The  quantity  of  indigo  red  lieeomea 

greater  the  flower   the  oxidation   takes   place,  and  especially  when    the 

ttion  takes  place  in  the  warmth  (see  the  works  of  Robin,  Rol'ma, 

Wang,  Mjull&kd,  and  ELUtroni l). 

The  chloroform  solution  of  indJBO  obtained  in  the  indiean  .be 

used  in  the  quantitative  colorimetric  determination  by  comparison  with  a 
ion  of  indigo  in  chloroform  of  known  strength  (Khauss  and  Adrian7). 
Wam;  and  others  convert  the  inoigp  into  indieo-snlphonic  acid  by  con- 
centrated sulphuric  acid  and  titrate  with  potassium  permanganate.  It  is 
still  undecided  SS  to  the  surest  ami  most  trustworthy  method  for  ihfl  deter- 
mination of  indican  and  especially  as  to  the  question  how  the  indigo  resi- 
due is  to  be  washed  (see  Wang,  Bouma,  and  Elunoer)  and  for  this  reasou 
we  will  only  refer  to  the  works  cited  above. 

In-lol  seems  also  to  pass  into  the  urine  as  a  glucuronic  acid,  indoxyl- 
ironic  acid  (300080)1  acid  has  been  found  is  the  urine 

of  animals  after  the  administration  of  the  sodium-salt  of  o-nitro-phcnyl- 
propiolic  acid  (G.  Hofpe-Seyler  s). 

CH 

HO     c-r.cn, 

Skatoxyl-sulphuric  Acid,  C9HtNS0€=  .  baa  not 

HC      C    C.O.S0.0H 

en  NH 

been  positively  prepared  as  a  constituent  of  normal  urine,  while  Otto  has 
once  prepared  its  alkali  salt  from  diabetic  urine.  Perhaps  skatow  1  occurs 
in  normal  urine  as  a  conjugated  glucuronate  (Mayer  and  Neuberg  4).  and 
it  is  believed  that  the  urine  contains  a  skatol-chromogcn  from  which  red  and 
reddish-violet  coloring-matters  are  obtained  by  decomposition  with  strong 
acids  and  an  oxidising  agent. 

Skatoxyl-sulphuric  acid  originates,  if  it  exists  in  the  urine,  from  skatol 


1  Rosin,  Virchow's  Arch.,  123;  Bouma,  Zeitachr.  f.  physiol.  Chem.,  27,  30,  32, 
39;  Wang,  ibid,  25,  27.  2N;  Ellinger,  ibid.,  38;  Maillurd,  Bull.  boc.  chinx,  Paris  (3), 
29,  and  Compt.  rend.,  13fi. 

,Kraua«1  Zeitachr.  f.  physiol.  Chem.,  IS;  Adrian,  ibid.,  19;  Wang,  ibid.,  26. 

■  Schmiedeberg,  Arch.  f.  exp.  Path.  u.  Phann.,  14;  G.  Hoppe-*Seyler,  Zeitachr.  f. 
pbysiol.  Chenv,  7  and  8. 

*Otto,  Pfliiger's  Arch..  33;  Mayer  and  N'euberg,  Zcitschr.  f.  physiol.  Chenx,  29. 
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which  is  formed  by  putrefaction  in  the  intestine,  and  which  ia  then 
coupled  with  sulphuric  acid  after  oxidation  into  skatoxyl.  That  skatol 
introduced  iuto  the  body  passes  partly  as  an  ethereal-sulphuric  acid  fata 
the  urine  has  been  shown  by  Hrieger.  Indol  and  skatol  act  different  . 
least  in  dogs ;  indol  producing  a  considerable  amount  of  ethereal-sulphuric 
acid,  while  skatol  gives  only  a  small  quantity  (M ester  !). 

The  potassium-salt  of  skatoxyl-sulphuric  acid  n  crystalline;  it  dissolves 
in  water,  but  with  difficulty  in  alcohol.  A  watery  solution  becomes  deep 
violet  with  ferric  chloride  and  red  with  concentrated  nitric  acid.  The  salt 
1  by  concentrated  hydrochloric  acid  with  the  separation  of  a 
red  precipitate.  The  nature  of  this  red  coloring-matter  produced  by  the 
decomposition  of  skatoxyl-sulphuric  acid  is  not  well  known;  neither  has  the 
relutiotLship  existing  between  this  and  other  red  coloring-matters  in  the 
urine  been  decided.  On  distillation  with  zinc-dust  the  skatol-chromogen 
yields  skatol. 

Urines  containing  skatoxyl  are  colored  dark  red  to  violet  by  Jaffa's 
indican  test  oven  on  the  addition  of  hydrochloric  acid;  with  nitric  acid  they 
are  colored  cherry-red,  and  red  on  warming  with  ferric  chloride  and  hydro- 
chloric acid.  The  coloring-matter  which  yields  skatol  with  zinc-dust  may 
be  removal  from  the  urine  by  ether.  Urines  rich  in  skatoxyl  darken  from 
the  surface  downward  when  allowed  to  stand  in  the  air,  and  may  become 
reddish,  violet,  or  nearly  black.  Rosin  '  is  of  the  opinion  that  no  skatol- 
chromogen  exists  in  human  urine,  and  that  the  observations  made  hereto- 
fore were  due  to  a  confusion  with  indigo  red  or  urorosein.  We  find  also 
sometimes  statements  as  to  a  red  "skatol  pigment,"  which  like  urorosem 
is  soluble  in  amyl  alcohol,  but  insoluble  in  cldoroform,  and  whose  nature 
is  questionable  Only  the  formation  of  skatol  by  distillation  with  line 
powder  can  be  considered  as  a  positive  proof  as  to  the  skatol  nature  of  a 
pigment. 

Salkowrkt  '  has  demonstrated  that  the  occurrence  of  skatol-rarbonic  arid. 
(XHfN.COOH,  in  normal  urine  is  probable.  Thi  is  also  a  product  of  putrefaction 
YVhen  introduced  into  the  animal  body  this  acid  reappears  unchanged  in  the 
urine.    With  hydrochloric  acid  and  verv  dilute  ferric-chloride  solution  it  give**1 

086  violet  color  to  the  solution.  The  reaction  responds  with  a  watery  into" 
tion  containing  1  :  10,000  of  skatol-carbonic  acid. 


Aromatic  Oxyacids.  In  the  putrefaction  of  proteids  in  the  intestine. 
paraoxyphcnijl-acetic  acid,  CH^OrD.CHjOOOH,  and  paraoxxfphfn^f- 
pionic  acid,  CflII4(OH).ClH<.COOH,  are  formed  from  tyrosin  as  an  intern*- 


1  Brieger,   Ber.  d.  deutsch.   chem.  Geaellsch.,  12,  and  Zeitaehr.  f.  phyaioL  Cbao.. 
4.414;  Mater,  ibid.,  12. 
5  Virchow's  Arch.,  123. 
•ZeitBchr.  f.  phyaiol.  Chem.,  0. 
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diate  step,  and  these  in  great  part  pass  unchanged  into  the  urine.    The 

quantity  of  these  acids  is  usually  very  small.    They  are  increased  under  the 

same  conditions  as  the  phenols,  especially  in  acute  phosphorus  poisoning, 

in  which  the  increase  is  considerable,     A  small  portion  of  these  oxyacids 

is  combined  with  sulphuric  acid. 

Besides  these  two  oxyacids  which  regularly  occur  in  human  urine  we 

sometimes  have  other  oxyacids  in  urines.     To  these  belong  homogentisic 

acid  and  xtroleucic  acid,  which  form  the  specific  constituents  of  the  urine 

in  most  cases  of  alcaptonuria,  oxymandelic  acid,  found  by  Schultzen  and 

Riess  in  urine  in  acute  atrophy  of  the  liver,  oxyhydroparacoumaric  acid, 

found  by  Blendermann  in  the  urine  on  feeding  rabbits  with  tyrosin,  gallic 

which,  according  to  Haumann,1  sometimes  appears  in  horse's  urine, 

and  kynurenic  acid  (oxyquinolinearbonic  acid),  which  up  to  the  present 

time  has  been  found  only  in  dog's  urine.    Although  all  these  acids  do  not 

belong  to  the  physiological  constituents  of  the  urine,  still  they  will  be 

treated  in  connection  with  these. 

OH 
Paraoxyphenylacetic  Acid,  Cy*,0,=*CtH4<CH  C()0H'  and 

p-Oxyphenylpropionic     Acid      (Hydroparacoumaric     Acid),     C^H^O,^ 

oil 
C^4<pjj  £|j  QQQii  .  are  crystalline  and  are  both  soluble  in  water  and 

in  ether.    The  first  melts  at  148°  C.  and  the  other  at  125°  C.     Both  give 
a  beautiful  red  coloration  on  being  warmed  with  Millon  's  reagent. 

To  detect  the  presence  of  these  oxyacids  proceed  in  the  following  way  (Bac- 
mann):     Warm  the  urine  for  a  while  on  the  water-bath  with  hydro.ii 

m  to  "lrivi-  off  the  volatile  phenols.  After  codfiqg  shake  three  times  with 
ether,  and  then  shake  the  ethereal  extracts  with  dilute  soda  solution,  win.  h  d2| 
solves  the  oxyacids,  while  the  residue  of  the  phenols  which  ar  soluble  it)  ether 
remains.  The  alkaline  solution  of  the  oxyaeids  is  now  faintly  acidified  with  sul- 
phuric acid,  shaken  again  with  ether,  the  ether  removed  and  allowed  to  evaporate, 
the  residue  dissolved    in  a  little  water,  and    the  solution  tested    with    Mm 

it.    The  two  oxyacids  are   best  differentiated   by  their  differvnt   nirUinp- 
The   reader  is  referred  to  other  works  for  the  method  of    isolating  and 
separating  these  two  oxyacids. 


Homogentisic  Acid  (Dioxyphenylacetic  Acid),  C*Hg04= 
This  acid  was  detected  byWoLsowand  Haumann. 


.OHO 
CH^OHO 

\CHrCOOH<*> 

They  isolated  it  from  the  urine  in  a  case  of  alcaptonuria  (see  below)  and 
showed  that  the  characteristics  of  so-called  alcaptonuric  urine  in  this 
case  were  due  to  this   acid.     This  acid  has  later  been   found   in  other 

1  Schultzen  and  Rieae,  Chem.  Centralbl.,  1869;  Blendermann,  Zeitachr.  f.  physiol. 
Chem.,  6,  267;  Baumann,  ibid.,  6,  193. 
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cases  of  alcaptonuria  by    Kmhden,  Garmkr   and   Voirin,  Oqdex,  awl 
others.     Glycosuric  acid,  isolated  from  alcaptonuric  urine  first  by  M  \h 
and  then  by  ( I  seems  10  be  in  part  identical  with  homogeir 

The  quantity  of  acid  eliminated  is  increased  by  f(K>d  rich  in  pi 
the    ingestion    of    tyrosin    by    persons    with  alcaptonuria,  Wolkow  ami 
Baumann  and    Bmbden  observed    a    greater   quantity  of    homogentisic 
acid,  and  Falta  and   Langstein  ?  found   the  same  after    phenylalania. 
These  last-mentioned  investigators  found  that  the  calculated  quanti 
in  from  the  various  proteids  was  not  sufficient  to  account  far 
homogontisic  acid,  and   bettX  ihtv  consider   the  [ilienylalanin  as  a  source 
for  this  acid.     Of  the  1-phenylalanin  about  90  per  cent,  and  of  the  racenne 
phcnylalanin   about  50    per   cent  was   eliminated    as   home:  acid. 

W'lLKOw  and   Baumann  explain  the  formation  of  homogentisic  a< 

in   by  an    abnormal  fermentation    in    the  intestine.      Acconling  to 
stein  and  Falta  alcaptonuria  seems  to  be  an  anomaly  of  the 

mediary    metabolism. 

Garrod,*  who  has  observed  several  cases  of  alcaptonuria,  has  also  tab* 

ulatcd  about  forty  cases  of  alcaptonuria  which  he  finds  in  the  literature. 

From  this  he  shows  that  the  anomaly  of  the  proteid  metabolism  occurs 

D    in   males  and   in   females  arid  also  that   blood    relationship  of  the 

parents  (first  KHUrins)  predisposes  alcaptonuria. 

On  fusing  homogentisic  acid  with  alkali  it  yields  penti-ic  acid  (hydro- 

quinnne-earbonie  acid)  anil  hydmquinone.     When  introduced  into  the  inua- 

<»f  the  dog  a  part  is  converted  into  toluhydroquinone,  wliich  is  •  I 

:  m  'In-  form  of  an  ethereal  sulphuric  acid.     Hom  i  hu 

also  been  prepared  synthetically  by  Baumann  and  Fbanxel,*  starting  with 

dc  aldehyde. 

Homogeotiflia  acid  crystallizes  with  1  mol.  of  water  in  large,  trans- 
parent prismatic  crystals,  which  become  non-transparent  at  the  tempera- 
ture of  the  room  with  the  loss  of  water  of  crystallization.  The\ 
146.5-147°  C.  They  are  soluble  in  water,  alcohol,  and  ether,  but  ne*rly 
insoluble  in  chloroform  and  benzene.  Homogentisic  acid  is  opti 
active  and  non-fermentable.     Its  watery  solution  hi  of  *>" 

called  alcaptonuric  mine.  It.  becomes  greenish  brown  from  the  surfa« 
downward  on  the  addition  of  very  little  caustic  soda  or  ammonia  with 
excess  of  oxygen,  and  on  stirrinir  it  quickly  becomes  dark    brown  or  blark- 


1  Wolkow  and  Baumann,  Zeitschr.  f.  physiol.  Chem.,  la;  Embden,  ibid.,  I"  tid 
18;  Gamier  and  Voirin,  Arch,  de  Physiol.  (5),  4;  Ogden,  Zeitachr.  f.  physiol.  Cbctti 
20;  Marshall,  Maly's  Jahresbcr.,  17;  Geyger,  cited  from  Embden,  1.  c,  18, 

1  Zeitachr.  f.  physiol.  Chem.,  37. 

1  Mad.  chinirp  Transact.,  1899  (where  all  known  cases  are  tabulated);  alao  Tbl 
Lancet,  1901  and  1902. 

♦Zeitachr.  f.  physioL  Chem.,  20. 
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t  reduces  alkaline  copper  solutions  with  even  slight  heat,  and  nmtnoniaoal 
ilver  solutions  Immediately  in  the  cold.     It  does  not  reduce  alkaline  bis- 
muth solutions.     It  gives  a  lemon-colored  precipitate  with  Mh.lon  's  reagent, 
which  becomes  light  brick-red  on  warming.     Ferric  chloride  gives  t'>   tin; 
solution  a  blue  color  which  soon  disappears.     On  boiling  with  concentrated 
chloride  soLution  an  odor  of  quinone  develops.    With  benaoyi  chloride 
la  in  the  proflOPfle  of  ammonia  we  obtain  the  amide  of  dibeii- 
zoylhomogeritisic  acid,  which  melts  at  204°  C,  and  which  can  be  used  En  the 
Eolation  of  the  acid  from  the  urine  and  also  for  its  detection  (Orton  and 
M.vkkod).      Among  the  salts  of  this  acid  must  be  mentioned  thi   lead  salt 
ining  water  of  crystallization  and  34.79  per  cent  Pb.    This  salt  melts 
at  214-215°  C. 

In  order  to  prepare  the  acid,  heat  the  urine  to  boiling,  add  5  grams  of  lead 
acetate  for  every  100  c.  c,  filter  as  soon  as  the  lead  acetate  I  Ived, 

and  allow  the  filtrate  to  stand  in  a  cool  place  for  twenty-lour  horns  until  it 
crystallizes  (Gahkod).     The  dried,  powdered  leaxl  salt-  is  suspen ded  in  ether 
decomposed  by  \l.*.    After  the  spontaneous  evaporation  of  the  ether 
the  acid  is  obtained  in  nearly  colorless  crystals  (Orion  and  GaESOO  '). 

In  regard  to  the  quantitative  estimation  we  proce.il   According  to  the  sug- 
gestion of  Bacmann  bv  titrating  the  acid  with  a  N/10  silver  eolation.     As  regards 
details  of  this  method    thi    reader  is  referred  to  the   works  of  Hai.mann,  I 
MoHNKR  and  Mittlkbacii.      Demurs3  has  BUUBJ  ed  another  met  hod, 

Uroleucic  acid.    C„lIl0O„  is.  according  to   Hi  PH  RT,  probably  a  dioxi  |  !  '  nvl- 
i,  C,H,(OH  ...Cilj  Mia  )H).COOH.    Thia  arid  was  finri  prepared  by  Kikk  ■ 
from  the  urine  of  children  with  alcap  onuria,  which  also  contained  homogi 
It  melts  at  130-133°  C,     I  m  regard  to  it*  b  bavi  a  \ 

(with  access  of  air,  and  also  with  alkalinfl  copra  asu  and  axmnoniacal  silver 

solutions,  and  aLso  Mu.i.on's  reagent,  it  is  similar  to  (uHOOj  I  id. 

OrymadeUc  acid,  paraoxyphenylglycolic  .-.rid,  cyi,0.,  HO.r.H,  CH(OH)COOH. 
above  stated,  found  in  the  urine  in  acute  atrophy  of  tm  liver.     The  add 
crystallizes  in  ailky  tusslles.     It  melts  at   I     '    i  ly  in  hot  water, 

lew  in  cold  water,  and  readily  in    alcohol   and  ether,  but  not  in  hot    b  nzene. 
It  is  precipitated  i  v  ad  acetate,  but  not  by  lead  aeet 

CH    COII 

Kynurenic  acid  (x-oxy-^-^uhioli^carbonic  acid),  (^oHjNO,  -  HC      C     C.COOH, 

HC     C     GH 


^ 


/ 


has   only  been   found  thus  far    in    dog's  urine;    its  quantity  is   increased    by 

feeding.     According  to  the  observations  of  Gi.aessnf.h  and   Laxc.rtf.is,4 

the  mother-substance  seems  to  be  contained  among  the  products  of  pancreatic 


1  Orton  and  Garrod,  Joum.  of  Physiol.,  27;   Garrod,  ibid.,  23. 
1  Mittlebach,  Deutsch.  Arch.  f.  klin.  Med.,  71  (which  conta-ns  the  work  of  Baumann 
and  MOrner);   Deniges,  Chem.  Centralbl.,  1897,  1,  338. 

•  Huppcrt,  Zcitschr.  f.  phyuiol.  Chcm.,  23;  Kirk,  Brit.  med.  Joum.,  1886  and  1888, 
Arch.  f.  Anat.  u    Physiol..  23. 

•  Hofmciatcr's  Beitruge,  1. 
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digestion  which  are  soluble  in  alcohol  and  precipitable  by  acetone.  The  acid 
is  crystalline,  dissolves  in  cold  water,  rather  well  in  hot  alcohol,  and  yields  a 
barium  salt  which  crystallizes  in  triangular,  colorless  plates.  On  heating  it 
melts  and  decomposes  into  CO,  aud  kynuriri.  On  evaporation  to  dryness  on 
the  water-bath  with  hydrochloric  acid  and  potassium  chlorate  a  reddish  residue 
is  obtained  which  becomes  first  brownish  green  and  then  emerald-green  on  adding 
ammonia  {Jaffe's  reaction  V 

Urinary  Pigments  and  Chromogens.    The  yellow  color  of  normal  urine 
depends  perhaps  upon  several  pigments,  but  in  greatest  part  upon  urocl 
Besides  this  the  urine  seems  to  contain  a  very  small  quantity  of  hamato- 
porphyrin   as    a   regular   constituent.      Uroerylhrin    also    is   of    frequent 
occurrence  in  normal  urine,  but  not  always.     Finally,  the  excreted  urine 
when  exposed  to  the  action  of  light  regularly  contains  a  yellow  pigment, 
urobilin,  which  is  derived  from  a  chromogen,  urobilinogen,  by  the  I 
of  light   (Saillet)  and  air  (Jaffe,  Disque,1  and  others).     Besides  this 
chromogen,  urine  contains  various  other  bodies  from  which  coloring  -mat  tor* 
may  be  produced  by  the  action  of  chemical  agents.    Humin  substances 
(perhaps  in  part  fn»m  the  carbohydrates  of  the  urine)  may  be  formed  by 
the  action  of  acids  (v.  Udranszky)  without  regard  to  the  fact  that  such  sub- 
stances may  sometimes  originate  from  the  reagents  used,  as  from  impure 
amyl  alcohol  (v.  UdrXnszky  ')■.     To  these  humin  bodies  developed  by  the 
action  of  acid  in  normal  urine  when  exposed  to  the  air,  must  be  addcl 
the  urophain  of  Heller,  the  various  uromdanins  and  other  bodies  de- 
scribed  by   different    investigators  (Pl6sz,  Thudkhi  m,  Nm-.VK*).     In- 
digo-blue    (uroglaucin    of     Heller,    urocyanin,    cyanurin,     and     other 
coloring-matters  of  older  investigators  5)  is  split  off  from    the  in-: 
sulphuric  acid  or  indoxyl-glucuronic  acid.     Red  coloring-matters  may  be 
formed  from  the  conjugated   indoxyl   and  skatoxy]  acids,  and   urohodin 
(Heller),    urorubin    (Pl6sz),   urohczmalin   (Harley),   and   perhaps  also 
urorosein  (Nencki  and  Sieber')  probably  have  such  an  origin. 

We  cannot  discuss  more  in  detail  the  different  cnlo ring-matters  obtained 
as  decomposition  products  from  normal  urine.  Hrematoporphyrin  has 
already  been  referred  to  in  a  previous  chapter  (VI)  and  will  best  be  de- 
scribed in  connection  with  the  pathological  pigments.  It  only  remains  to 
describe  urochromc,  urobilin,  ami  uroerythrin. 

1  Zeitachr.  f.  physiol.  Chem.,  7.  In  regard  to  kynurenic  acid,  see  also  Huppert- 
Neubauer,  10.  Aufl.,  and  Mendel  and  Jackson  Ann-!  JoURk.  of  PhvsioL,  2;  Meodsl 
and  Schneider,  ibid.,  5;  Camps,  Zeitachr.  f.  physiol   Ctrtm  ,  S3. 

•Jaffi',  Ontralbl   f.  d.  med.  Wissensch.  1868  and  1460,  and  Virchow's  Arch 
Disque,  Zeitachr.  f.  physiol.  Chem.,  2;  Saillet,  Kevuo  de  mldectne,  17,  1897. 

'  v   Udranazky,  Zeitachr.  f.  physiol.  Chem  .11,  12,  and  13. 

*  Ploas,  Zeitachr.  f.  physiol.  Chem.,  8;  Thudiehum,  Brit.  med.  Journ  .  201,  sad 
Journ.  f.  prakt.  Chem.,  104;  Schunk,  cited  from  Huppert-Neubauer,  10.  Aufl.,  503. 

lSee  Huppert-Neubauer.  161. 

*  In  regard  tn  thin  and  other  red  pigments,  see  Huppert-Neubauer,  593  and  597; 
Nencki  and  Sieber,  Journ.  f.  prakt  Chem.  (2),  26. 
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Urochrome  is  the  name  given  by  Garrod  to  the  yellow  pigment  of  the 
urine.  Thidichum  '  had  previously  given  the  same  namo  to  a  less  pure 
pigment  isolated  by  himself.  According  to  Gakrod  urochrome  is  free  from 
iron,  but  contains  nitrogen.  It  stands,  it  seems,  in  close  relationship  to 
urobilin,  as  Garrod  has  obtained  a  urobilin-like  pigment  by  the  action  of 
aldehyde  on  urochrome,  and  Riva  '  claims  that  ur<  ibilis  yields  a  body  similar 
to  urochrome  on  careful  oxidation  with  permanganate.  According  to  Gar- 
rod urobilin  can  he  converted  into  urochrome  l.y  ovaporating  its  aqueous 
solution  containing  some  ether  on  the  water-bath.  The  fact  that  uro- 
chrome can  be  transformed  into  urobilin  by  means  of  active  acetaldchydc 
may  be  used,  according  to  Garrod,  as  a  means  of  detecting  urochrome- 

Qtoehiome  is.  according  to  Garrod,  amorphous,  brown.  very  readily 

soluble  in  water  and  ordinary  alcohol,  but  less  soluble  in  absolute  alcohol. 

^solves  but  Blight ly  in  aceti.   i -t h i \  amyl  alcohol,  and  acetone,  while  it 

is  insoluble  in  ether,  chloroform,  and  benzene.     I'rochrome  is  precipitated 

id  acetate,  silver  nitrate,  mercuric  acetate,  phosphotungstic  and  , 
phomolylwlic  acids.  On  saturating  the  urine  with  ammonium  sulphate  a 
great  part  of  the  urochrome  remains  in  solution.  It  does  not  show  any 
absorption-bands  and  docs  not  fluoresce  after  the  addition  of  ammonia  and 
ride.  Urochrome  is  very  readily  decomposed,  with  the  formation 
of  brown  substances,  by  the  action  of  acids.  According  to  Klkmi'i.kkr,1 
urochrome  contains  4.2  per  cent  nitrogen. 

Urochrome  can  be  prepared  according  to  a  rather  complicated  method 
which  is  based  upon  the  fact  that  the  BUoetanca  remains  in  great  part  in 
oon  on  saturating  the  urine  with  ammonium  sulphate.  If  the  proper 
quantity  of  alcohol  is  added  to  the  filtrate,  a  clear,  yellow  alcoholic  layer 
forms  on  the  salt  solution,  which  contains  the  urochrome  and  which  can 
be  used  for  the  further  preparation  of  the  urochrome  (see  Garrod,  I.  c). 
KlemFKRER,  on,  the  contrary,  removes  the  pigment  from  the  urine  hy 
means  of  animal  charcoal,  w:ishes  it  with  water  to  remove  the  i r . . . 
and  other  bodies,  and  then  extracts  with  alcohol  and  uses  this  alcoholic 
extract  for  the  further  purification  according  to  Garrod. 

The  urochrome  can  be  quantitatively  estimated,  according  to  Klkm- 
I'KRKR.  by  a  colorimetrie  method,  using  a  solution  of  true  yellow  Q.  If 
0.1  gram  of  this  dye  18  dissolved  in  1  liter  of  \vat<  i  and  E  c.  C.  of  this  solu- 
iiluted  to  50  c.  c.  with  water,  then  this  solution  has  the  BBffie  color  and 
shade  as  a  0.1  per  rent  uroehxoma  solution.  The  urine  must  be  diluted 
water  until  it  has  the  same  depth  of  color.  The  comparison  is  per- 
formed in  vessels  with  parallel  walls. 

Urobilin  Is  the  pigment  first  isolated  from  the  urine  by  Jaff£,4  and 
a  is  characterized  by  its  strong  fluorescence  and  by  its  absorption- 

1  Garrod.  Proceed.  Roy.  Soc.,  55;  Thudichum,  I.  c. 

•Garrod,  Journ.  of  Physiol.,  21  and  29;  Riva,  cited  from  Huppert-Neubauer  524. 

*  Berlin,  klin.  Wochenschr.,  40. 

*  Centralhl.  f  d.  med.  Wiuerach.,  1S68  and  1809,  and  Vircbow's  Arch..  47 
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spectrum.  Various  investigators  have  prepared  from  the  urine  by  different 
methods  pigments  which  differed  slightly  from  each  other  but  l^liaved 
essentially  like  Jafkk'.s  urobilin.  Thus  different  urobilins  have  been 
suggested,  such  as  normal,  febrile,  physiological,  and  pathological  urobilin*.1 
Tlie  possibility  of  the  occurrence  of  different  Urobilins  in  the  urine  cannot 
be  denied;   but  ai  urobilin  is  a  readily  dy  end  difficult  to 

purify  from  other  urinary  pigment*.,  tlie  question  as  to  the  OQOttira 
different  urobilins  must  siill  be  cansidered  open,    According  flue?1 

no  urobilin  exists  originally  in  human  urine,  but  only  tlie  mother-sub- 
of  tlie  same,  urobilinogen,  from  which  the  urobilin  b  forme.  1  in  tl: 
urine  i>\  the  influence  of  light. 

1  robilin-like    bodieS]    so-railed    \SF0bQinoid8,   have    been    pre; 

bfie-pigmenta  as  well  as  blood-pigi  id  indeed  by  oxidation  as  well  a? 

reduction.    Maly  obtained  hi-  K  do -bilirubin  by  the  red 

with  sodium  amalgam,  and  1  >is(j i  i:;  obtained  a  product  which  ;- 

similar  to  urobilin,  while  Btokotb  prepared  by  til 

with  a  little  lead  peroxide  a  choli-u-lin  which  acted  very  much  like  unihiliii. 

Hoppr-Sf.yi.kk.  Lk  Nobel,  Ni'.ncki  and  Sikiu.h  have  obtained  urobi 

bodies  by  the  reduction  ol  in  and  hapmatoporphyrin  with  tin  or  zinc 

and  hydrochloric  acid,  while   MuMi/nn  ■  obtained   by   the  oxidation  of 

natin  with  hydrogen  peroxide  in  alcohol  containing  eulphuri 

iicntwluch  Beemed  to  be  identical  with  urinary  urobilin.    It  i>  apparent 
that  all  these  urobilins  cannot  be  identical. 

.Many  investigators  declare  that  urobilin  is  identical  with  hydrobilimliin, 
according  to  the  researches  of  Hopkins  and  Gabboo  *  ti 
eoxtectj  because,  irrespective  of  other  small  differ*  ach  body  'li; 

an   essentially   distinct  composition.      Hydrobilirubin   •  C    M.BB, 

II  5.98,  N  9.22  (Maly),  while  urinary  urobilin,  on  the  contrar 
C  63.46,  H  7.67,   X  4.00  per  cent.     Tlie  urobilin   from 
has  the  same  composition  as  urinary  urobilin  with  4.17  per  eenl 

I'rinary  urobilin  may  not  be  identic  hydrobilirubin,  but  this  does 

eliminate  the  poaribQity   thai   urobilin,   according  to  the  generally 

admitted  view,  is  derived  from  bilirubin  (although  not  by  simple  reduction 

and   taking  up  water)  in   the  intestine.     Several  physiological  as  well  e 

HacMunn,  Pmc.  Roy.  Boo  .  .11  And  86 ;  Bar  d.  deataab  t&mu  GkeeO 
i ■  rin ii    ol  PbjatoL,  6  :<■■  it  1  10;  riogomolaff,  Maly 'a  Johreaber,  22;  Eichliols,  Juiim. 
of  PhvMol.,  14;    Ad.  Jollert,  IV  ivh,  61, 

■  Revue  de  m id •■> ixu •,  1 '.».  IS97. 
'  Ms.lv,    Ann    d.   Chom.   h.    I'h.trini ..   1R3,     Disquc,  Zeitachr.    f     phv.si    : 

Stol.  njbl.  f.  d.  toed.  Wiaaensoh.,  1873,  211  and  -119;   Happ*Q«yU*l  Bar  A 

deutseh    ehera    (teaellsch  ,  7;    Lfl    Mob  r's  Arch..    10 

Monatahcfte  f.  Chem.,  9;  and  Arch.  f.  exp.  Path.  u.  Pharm..  "J  I .  UfteMunn,  Proc  Rot- 
Soc.,  81. 

*Journ.  of  Physiol.,  22. 
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clinical  observations  '  speak  for  this  view,  among  which  we  must  mention 

ejmlar  appearance  in  the  int«<tinal  tract  "f  storrobilm,  undoubtedly 
derived  from  the  bile-pi^mcnt?  ami  having  the  same  composition  as  urinary 
urobilin,  the  absence  of  urobilin  to  the  urine  of  new-born  infante  and  also 
on  the  compl'-i  al  of  bile  from  the  intestine,  as  well  as  the  increased 

elimination  of  urobilin  with  strong  intestinal  putrefaction.  On  the  other 
hand,  there  are  investigators  who, basing  their  opinion  mi  clinical  ohserva- 

.  deny  the  intestinal  origin  ofl  urobilin  and  claim  that  the  umbilin  is 
derived  from  a  transformation  "f  the  bilirubin  elsewhere  tlian  in  the  intes- 
tine, by  an  oxidation  of  the  bile-pigment  or  by  a  transformation  of  the 
blood-pigments.2  The  possibility  of  a  different  mode  of  formation  of  uri- 
nary umbilin  in  disease  is  not  to  be  denied;  but  tl  ■  do  doubt  that 
this  pigment  is  farmed  from  the  bile-pigments  in  the  intestine  under  physio- 
logical conditions. 

The  quantity  of  urobilin  in  the  urine  under  physiological  conditions  is 
variable.     Saillet  found  30-130  milligrama  and  G.  Hoppe-Skyler 

10  milligrams  in  one  day's  urine. 
There  are  numerous  observations  on   the   elimination   of  urobilin  in 

-e,  especially  by  Jvfik.  DuKtfjft,  Dkeyfuss-Krissac,  Gerhardt,  G. 
Hoppe-Sevler.3 and  others.  The  quantity  is  increased  in  hemorrliage  and 
in  such  diseases  where  the  bluol-coqmscles  are  destroyed,  as  is  the  case 
after  the  action  of  certain  blood-poison.-,,  such  as  antifibrinc  and  antipyrine. 
It  b  also  increased  in  fevers,  heart-troubles,  lead  colic,  atrophic  cirrhosis 
16  liver,  and  Ls  especially  abundant  in  so-called  urobilin  icterus. 
The  properties  of  urobilin  may  be  different,  depending  upon  the  method 
of  preparation  and    tin-  character  of   the   urine   used;   therefore   only   the 

important  properties  will  be  given.    Urobilin  is  amorphous,  brown, 

h-brown,  red,  or  reddish-yellow,  depending  upon  method  of  prepara- 
It  dissolves  readily  in  alcohol,  amy]  alcohol,  and  chloroform,  but 
less  readily  in  ether  or  acetic  ether.  It  is  less  soluble  in  water,  but  the 
solubility  is  augmented  by  the  presence  of  neutral  salts.  It  may  be  com- 
pletely precipitated  from  the  urine  by  saturating;  with  ammonium  sulphate, 
especially  after  the  addition  of  sulphuric  add  (Mkiiv  4).  It  Ls  soluble  in 
alkalies,  and  is  precipitated  from  the  alkaline  solution  by  the  addition  of 

•See  Fr.  Miiller.  Sehles.  Gesellsch.  f.  vaterl.  Kultur,  1S'»  9  rfaardt,  "  Ueber 

Ilyilroliilirubin  uml  tteiuo  Bezieh.  zinn  Iktenis"  (Tnaug.-Dias.,  Berlin,  1889);  Bock, 
Wien.  Win.  Wochemclir  ,  1805;    Barley,  Brit.  Med.  Joum.,  1896. 

1  In  regard  to  tho  various  theories  as  to  the  formation  of  urobilin,  see  Hurley, 
Brit.  lied.  .Joum.,  1806;  A  Rati,  Wlan.  mad,  Woebanachr.,  1891,  Not  28-32;  Grimm, 
Yircbow's  Arch.,  132;  Zoja,  Conferenze  cliniche  italiane,  Ser.  la,  1 

'  In  regard  to  the  literature  on  this  subject  we  refer  the  reader  to  D.  Gerhardt, 
BT  Hydrohilirubin  und  seine  Bezichungen  turn  Ikterus"  (Berlin,  1889),  and 
also  G.   Hoppe-Seylcr.  Vircbow'u  Arch..   124. 

•  Journ.  de  Pharm.  at  Chiiu.,  1878,  cited  from  Maly's  Jahreaber.,  8. 
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acid.  It  is  partly  uUssolved  by  chloroform  from  an  acid  ( watery -ale  i 
solution;  alkali  solutions  remove  the  urobilin  from  the  chloroform.  The 
neutral  or  faintly  alkaline  solutions  are  precipitated  by  certain  metallic 
salts  (zinc  and  lead),  but  not  by  others,  such  as  mercuric  sulphate, 
bilin  is  precipitated  from  the  urine  In  phosphotungstic  acid.  It  does  not 
I  iMELDt'a  test  for  bile-pigments.  It  gives,  on  the  contrary,  a  reaction 
which  may  be  mistaken  for  the  biuret  test,  by  the  action  of  copper  sulphate 
and  alkali.1 

Neutral  alcoholic  urobilin  solutions  are  in  strong  concentration  brownish- 
yellow,  in  great  dilution  yellow  or  n>s.  -<<.!•  >red.  They  have  a  strong  green 
fluorescence.  The  acid  alcoholic  solutions  arc  brown,  reddish-yell'  »w,  or  rose- 
red,  ftCCOfdmg  to  concentration.  They  arc  not  fluorescent,  but  show  a 
faint  absorption-band,  y,  between  b  and  F,  which  borders  on  F,  or  in  greater 
concentration  extend*  over  F.  The  alkaline  solutions  are  brownish-yellow. 
yellow,  or  (the  ammoniacal)  yellowish-green,  according  to  concentre 
If  Mime  zinc-chloride  solution  is  added  to  an  ammoniacal  B 

it  becomes  red  and  shows  a  beautiful  green  fluorescence, 
as  also  that  made  alkaline  with  fixed  alkalies,  shows  a  darker  and  more 
sharply  defined  band.  d.  between  b  and  F,  almost  midway  between  E  andF- 
If  B  sufficiently  concentrate!  solution  of  urobilin  alkali  is  carefully  acidi- 
fied with  sulphuric  acid  it  becomes  cloudy  and  shows  a  second  band  6D 
at  K  and  connected  with  j  by  a  shadow  (GaBROD  and  Hopkins.  Saillet'). 

f  robilinogen  is  colorless  or  is  only  slightly  colored.  Like  urobilin,  it  is 
precipitated  from  the  urine  by  saturating  with  ammonium  sulphate.  Ac- 
cording to  Saillet  it  may  be  extracted  by  acetic  ether  from  urine  acidi- 
fied with  acetic  acid.  It  dissolves  also  in  chloroform,  ethyl  ether,  and 
amyl-alcohol.  It  shows  no  absorp:  ion-bands,  and  is  readily  converted  into 
urobilin  by  the  influence  of  sunlight  and  oxygen. 

In  preparing  urobilin  from  normal  urine,  precipitate  the   ur'm-    with 

lead  acetate  (Jaffe),  wash  the  precipitate  with  wat<  at  the 

ordinary  temperature]  then  boil  it  with  alcohol,  and  decompose  it  when 

with  alcohol  containing  sulphuric  acid.    The  filtered  al< ■■■■  hitioa 

Liblted  with  water,  saturated  with  ammonia,  and  then  treated  with 
chloride  solution.     This  new  precipitate  is  washed  free  from  chlorine  with 

r,  boiled  with  alcohol,  dried,  dissolved  in  ammonia,  and  this  eoli 
precipitated  with  sugar  of  lead.     This  precipitate,  which  n  washed 
water  and  boiled  with   alcohol,  is  decomposed   by   alcohol  containi: 
phuric  acid,  the  filtered  alcoholic  solution  is  mixed  with  \  vol,  chloroform, 
diluted  with  water,  and  shaken  repeatedly,  but  not  I 

urobilin  is  taken  up  by  the  chloroform.     This  last  is  wa  twice 

with  a  little  water  and  then  distilled,  leaving  the  urobilin.  The  pi. 
may  be  precipitated  directly  from  the  urine  rich  in  Urobilin  by  am 
an.'i  zinc  chloride,  and  the  precipitate  treated  as  above  described  (.Jaffe). 

».  See  Salkowski,  Berlin,  klin.  Wochenschr.,  1897,  and  Stokvto,  Z«t«chr.  f.  Biologic  M. 
'  Garrod  and  Hopkins,  Journ  of  Physiol.,  20;  Saillet,  L  c. 
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The  method  suggested  by  Mkhy  (precipitation  with  ammonium  sul- 
phate) has  been  modified1  by  Gakhod  and  Hopkins  in  that  they  first  re- 
move the  Tirit-  $aid  by  saturating  with  ammonium  chloride  and  then  saturat- 
ing the  filtrate  with  ammonium  sulphate.  The  precipitated  urobilin  is 
thus  made  purer  than  by  saturating  with  the  sulphate  directly.  The 
urobilin  is  extracted  from  the  dried  precipitate  by  a  great  deal  of  water, 
rrprecipitated  by  ammonium  sulphate,  and  this  procedure  repeated  several 
-  if  necessary  <  ipitate  finally  obtained  is  dissolved  in 

absolute  alcohol.     In  regard  to  small  details,  and  to  a  second  method  sug- 
I  v  these  experimenters,  we  refer  to  the  original  work.1 
i  i.i  r    extracts    the    urobilinogen    from    the   urine    by    shaking    with 
acetic  ether,  using  a  kerosene-oil  light.' 

The  color  of  the  acid  or  alkaline  solution,  the  beautiful  fluorescence  of 
the  ammoniacal  solution  treated  with  zinc  chloride,  and  ilu>  abson 
bands  of  the  spectrum,  all  serve  as  means  of  detecting  urobilin.     In  fever- 
urines  the  urobilin  may  be  detected  directly  or  after  the  addition  of  ammo- 
nia and  zinc  chloride  by  its  spectrum.     It  may  also  sometimes  be  detected 
in  normal  urine,  either  directly  or  after  the  urine  has  stood  exposed  to 
the  air  until  the  chromogen  has  been  converted  into  urobilin.     If  it  cannot 
be  detected  by  means  o?  the  spectroscope,  then  the  urine  may  he  tr. 
with  a  mineral  acid  and  shaken  with  steer  or,  still  better,  with  amyl  alcohol 
The  amyl-alcohol  solution  is,  either  directly  or  after  addition  of  a  strongly 
ammoniacal  alcoholic  solution  of  zinc  chloride,   tasted  SpectTOBCOpacally. 
According  to  Sculesinger  *  it  can  be  readily  detected  if  the  urine  is  pre- 
cipitated by  an  equal  volume  of  a  10  per  cent  solution  of  zinc  acetate  in 
absolute  alcohol.     Disturbing  bodies  are  here  precipitated  and  the  filtrate 
gives  the  fluorescence  directly  and  also  the  spectrum. 

In  the  quantitative  estimation  of  urobilin  we  proceed  as  follows, 
according  to  G.  Hoppe-Seyler:  *  100  c.  c.  of  the  urine  is  acidified  with 
.sulphuric  acid  and  saturated  with  ammonium  sulphate.  The  precipitate 
lected  on  a  filter  after  some  time,  washed  with  a  saturated  solution  of 
ammonium  sulphate,  and  repeatedly  extracted  with  equal  parte  of  al 
and  chloroform  after  pressing.  The  filtered  solution  is  treated  with  water 
in  a  separatory  funnel  until  the  chloroform  separates  well  and  becomes 
clear.  The  chloroform  solution  is  evaporated  on  the  water-hath  in  a 
weighed  beaker,  the  residue  dried  at  100°  C,  and  then  extracted  with  ether. 
The  ethereal  extract  is  filtered,  the  residue  on  the  filter  dissolved  in  alcohol, 
and  transferred  to  the  beaker  and  evaporated,  then  dried  and  weighed. 
According  to  this  method  G.  IIoppe-Seyler  found  0.08-0.14  gram  of  urobilin 
in  one  day's  urine  of  a  healthy  person,  or  an  average  of  0.123  gram. 

Urobilin  may  also  be  determined  spectro-photometrically  according  to  Fa. 
Miller  or  to  Saillet.*  Sajllet  found  that  the  limit  for  the  perceptibility 
r.f  the  alKKirptiim-bands  of  an  acid  urobilin  solution  lies  in  a  concentration  of 
milligram  of  urobilin  in  22  c.  c.  of  solution  when  the  thickness  of  the  layer  of 
fluid  is  15  mm.  In  a  quantitative  estimation  the  urobilin  solution  is  diluted  to 
this  limit  and  then  the  quantity  of  urobilin  calculated  from  the  extent  of . lilu 


1  Journ.  of  Physiol.,  20. 

1  In  regard  to  this  and  other  methods,  we  must  refer  the  reader  to  special  works. 

•Deutach.  med.  Wocbenschr.,  1903. 

•Virchow's  Arch..  124. 

»  Fr.  Midler,  see  Huppert-Neubaucr,  861;  Saillet,  i.  e. 


tion.     The  freshly  voided  urine,  shielded  from  light,  is  acidified  with  acetic 
(Miupi.w  i  i.i  ih  kit « >  ■  1 1.    il  light  with  acetic  ether,  and  the  dinofod 

urobilinogen  rnirlilHftd  to  urobilin  with  nitric  acid.  On  the  addition  of  ammonia 
and  .shaking  with  water  th-'  urobilin  passes  into  the  watery  .solution.  This  it 
Modified  'villi  hydrochloric  add  end  diluted  until  the  above  limit  is  reached. 

Uroerythrin  is  the  pigment  which  often  gives  the  beautiful  rod  color  to 
the  urinary  sediments  (scdimenlum  latcriduiu).       It  abo  frequently  < 
although  only  in  very  small  quantities,  dissolved  in  normal  urines.    The 
quantity  is  increased  after  great  muscular  activity,  after  profuse  perspira- 
tion, immoderate  eatijig,  or  partaking  of  alcoholic  drinks,  as  well  as  after 

disturbances,  fevers,  circulatory  disturbances  of  the  liver.  Rl 
many  other  pathological  conditions. 

I  <<••■} ■•.  tin  in,  which  has  been  especially  Studied  by  Zoja,  Riva,  and 
Ga&BOD,1  has  a  pink  color,  is  amorphous,  and  is  very  quickly  destroy' 
fight,  especially  when  in  solution.  The  best  solvent,  is  amy  I  alcohol;  acctk 
■  goodj  and  alcohol ,  chloroform,  and  water  are  even  less  valu- 
able. The  very  dilute  solutions  show  •  pink  color;  but  on  greate 
centration  they  become  reddish  orange  or  fire-red.  They  do  not  fluoresce 
either  directly  or  after  tin-  addition  of  an  ammoniacal  solution  uf  zinc  chlo- 
ride; but  they  have  a  strong  absorption,  beginning  in  the  middle  between 
D  and  S  and  extending  to  about  F,  and  consisting  of  two  bands  which 
are  connected  by  a  shadow  between  £*  and  b.  Concentrated  sulphuric  add 
OOlorf  a  uroerythrin  solution  a  beautiful  carmine-red;  hydrochloric  acid 
gives  a  pink  color.  Alkalies  make  its  solutions  grass-green,  and  often  & 
play  of  colors  from  pink  to  purple  and  blue  is  observed. 

In  preparing  uroerythrin  from  the  sediment,  according  to  Garrod,  it  a  dis- 
solved in  water  at  a  gentle  heat  and  saturated  with  ammonium  chloride,  whirh 
|i)v<  1 1  it.it ea  the  pigment  with  the  ammonium  urate.  This  is  purified  b 
solution  in  water  and  precipitation  with  ammonium  chloride  until  all  the  urobilin 
is  removed.  The  precipitate  is  finally  extracted  on  the  filter  in  the  dark  with 
warm  water,  filtered,  then  diluted  with  water,  any  hsematoporphyrin  remaininc 
is  removed  by  shaking  with  chloroform,  finally  fair  led  with  act- tic  am 

and  shaken  with  chloroform,  which  takes  up  the  uroerythrin.  The  chloroform  is 
evaporated  in  the  dark  at  a  gentle  bi 

Volatile  jalty  acids,  such  as  formic  aeid,  acetic  acid,  and  t>erhaps  also  bulyrk 
IT  under  normal  conditions  in  bun  ■  (v.  Jarscu),  also  in  thai  of 

dogs  and  herbivora  (Schotten).     The  acids  n  carbon,  such  as  formic 

acta  and  acetic  acid,  are  more  constant  in  the  body  thai  i   m  carbon, 

and  Then-fur. •  the  relatively  greater  part  of  these  pass  Ul    :  !  into  the  urine 

(ScHOTTBN),     No  nial  human  urine  contains   besifii  s  others  which 

yield  acetic  acid  when  oxidised  by  potassium   dichromate  and  fa  acid 

(v.  JAKson).  The  quantity  of  volatile  fatty  acids  in  normal  urine  is.  according 
to  v.  Jakbth,  O.OOS-0.009  gram  per  twenty-four  hours,  and  according  to  v.  Ile-u- 
tanskv,  0.0.")1  gram.     The  quantity  i.s  increased  by  exclusive  farinaceous  food 

1  Zoja,  Arch.  Itnl  di.  clinica  med.,  1803,  and  Centralbl.  f.  d.  med.  Wuucneeh..  1888; 
Riva,  Gaz.  med.  di  Torino,  Anno  43,  cited  from  Maly  *s  Jahresber.,  24;  Garro 
of  Physiol.,  17  and  21. 


VARIOUS  ACIDS.    CARBOHYDRATE. 


521 


(Rokitanskt),  in  fever  and  in  certain  diseases,  while  in  others  it  is  dimin- 
ished (v.  Jak-sch.  Ro.senkeld).  Large  amounts  of  volatile  fatty  acids  are  pro- 
!  in  the  alkaline  fermentation  of  the  urine,  and  the  quantity  is  0-15  times 
as  large  as  in  norm.il  urine  (Sai.kowhki  ').  Non-volatile,  fatty  acids  have  been 
detected  as  normal  constituents  of  urine  by  K.  Moknkh  and  Hybhinktte.2 

Paralactic  Acid.  It  is  claimed  that  this  acid  occurs  in  the  urine  of  healthy 
persons  after  very  fatiguing  marches  (Colasanti  and  Muscatelu).  It  is  found 
in  larger  amounts  in  the  urine  in  acute  phosphorus-poisoning  or  acute  yellow 
atrophy  of  the  liver  (Soiiultzen  and  Rir-ss).  looorafog  to  the  investigation* 
of  Hoppe-Seyler,  Abakj,  and  v.  Tekkey  lactic  acid  passes  into  the  urine  as  soon 
as  the  supply  of  oxygen  is  decreased  in  any  way,  and  this  probably  explains  the 
occurrence  of  lactic  acid  in  the  urine  after  epileptic  attacks  (iNOtm  ami  Smki). 
Minkowski*  has  shown  that  lactic  acid  occurs  in  the  urine  in  large  quantities 
on  the  extirpation  of  the  liver  of  birds. 

I '.lUfcerophospharie  acui  ocean  Bfl  traces  in  the  urine,4  and  it  is  probably  a 
decomposition  produet  of  lecithin.  The  occurrence  of  succinic  acid  in  normal 
urine  is  a  subject  of  discussion. 

Carbohydrates  and  Reducing  Substances  in  the  Urine.  The  occurrence 
of  dextrose  as  traces  in  normal  urine  is  highly  probable,  as  the  investiga- 
tions of  BrUcke,  Abeles,  and  v.  Udranszky  show.  The  last  investiga- 
tor has  also  shown  the  habitual  occurrence  of  carbohydrates  in  the  urine, 
and  their  presence  has  bees  positively  proved  by  the  investigations  of 
Baumann  and  Wedenski,  and  especially  by  Baisch.  Besides  dextrose 
normal  urine  contains,  according  to  Baisch,  another  not  well-sin 
variety  of  sugar;  according  to  Lkm.ukk,  probably  isomaltose  is  present, 
and  besides  this  a  dextrin-like  carbohydrate  (animal  gum),  as  shown  by 
LANDWBHRj  Wi.denski,  and  Baisch.  The  quantity  of  carbohydrates 
eliminated  under  normal  conditions  in  the  twenty-four  hours  urine  and 
determined  by  the  benzoylation  method,  which  is  perhaps  not  sufficiently 
trustworthy,  varies  considerably  between  1.5-5.09  grams.5 

Besides  traces  of  sugar  and  the  reducing  substances  previously  men- 
tioned, uric  acid  and  creatinine,  the  urine  contains  still  other  bodies  of  this 
character.  These  latter  are  partly  conjugated  compounds  of  glucuronic 
acid,  CtH„Or,  which  is  closely  allied  to  dextrose.  The  reducing  power  of 
normal  urine  corresponds,  according  to  various  investigators,  to  1.5-5.96 


1  v.  Jaksch,  Zeitschr.  f.  physiol.  Chcux,  10;  Schotten.  ibid.,  7;  Kokitansky,  Wieo, 
med.  Jahrbuch.  1887;  Salkowski,  Zeitschr.  f.  physioL  Chem.,  13;  Rosenfeld,  Deutsch, 
mud.  Woclienschr.,  29. 

'Skand    Arrh    f.  Physiol.,  7. 

1  Colasanti  and  Moscatelli,  Moleschott's  TJntersuch.,  14;  Schultzen  and  Reisa, 
Chem.  Centralbl.,  1869;  Araki,  Zeitschr.  f.  physiol.  Chem.,  15,  16,  17,  19.  Sec  also 
Irwawa,  ibid.,  17;  v.  Terrey.  Pfliiger's  Arch.,  65;  Schutz,  Zeitschr.  f.  physioL  Chein., 
19;  Inouye  and  Saiki,  ihid.,  38;  Minkowski,  Arch.  f.  exp.  Path.  u.  Phartn  ,  21  and  31. 

'  ^ee  Paaqualis,  Maly 's  Jahresber.,  24. 

•  Lemaire,  Zcitachr.  f.  physiol.  Chem.,  21;  Baisch,  ibid.,  18,  19,  and  20.  In  these 
as  well  as  in  Trcupcl,  ibid.,  16,  the  works  of  other  investigators  are  cited.  See  also 
v.  All  than,  Deutsch.  med.  Wochenuchr.,  26. 
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p.  m.  dextrose.1    That  portion  of  the  reduction  belonging  to  dextrose 
alone  is  equal  to  0.1-0.6  p.  m. 

Several  new  methods  for  the  determination  of  the  reducing  power  of  the  urine 
have  been  suggested.1 

Conjugated  glucuronates  occur,  as  indicated  by  Fl*Jckjger  and  first 
positively  shown  by  Mayer  and  Neuberg,'  iu  very  small  amounts  in  nor- 
mal urine.  They  occur  chiefly  as  phenol-  and  only  very  small  amount* 
of  indoxyl-  or  skatoxyl  glucuronates.  The  quantity  of  glucuronic  acid 
obtained  from  the  conjugated  glucuronates  is  estimated  as  0.04  p.  m.  by 
Maykr  and  Neuberg. 

Very  large  amounts  of  these  conjugated  glucuronates  occur  in  the  urine, 
on  the  other  hand,  after  partaking  of  various  therapeutic  agents  and  other 
substances,  such  as  chloral  hydrate,  camphor,  naphthol,  borneol,  turpen- 
tine, morphine,  etc.  According  to  P.  Maykr  as  stated  on  page  99,  in  the 
oxidation  of  dextrose,  a  part  of  it  forms  glucuronic  acid,  hence  it  is  to  be 
expected  that  the  glucuronic  acid  can  in  part  be  derived  from  the  dex- 
trose. As  a  conjugation  of  the  glucuronic  acid  with  other  bodies,  such  as 
aromatic  atomic  complexes,  prevents  the  combustion  of  this  acid  in  the 
animal  body,  it  ought  to  follow  that  after  the  introduction  of  such  an 
atomic  complex  in  the  body  during  a  glycosuria  that  a  correspondui* 
reduction  of  the  glucose  elimination  would  take  place  with  the  increased 
excretion  of  conjugated  glucuronates.  In  order  to  prove  this  possibility 
O.  Loewi  *  fed  dogs  with  camphor  during  phlorhizin  diabetes  and  found 
that  the  above  expectation  was  not  true.  Although  large  quantities  of 
campho-ghicuronic  acid  were  excreted,  the  sugar  excretion  was  only  slightly 
diminished  and  not  in  proportion  to  the  quantity  of  conjugated  glucuronate 
excreted,  which  tends  to  show  that  the  glucuronic  acid  is  not  pro 
from  the  dextrose,  neither  is  the  dextrose  the  mother-substance  of  this  acid. 

According  to  the  body  with  which  they  are  conjugated  the  glucuronates 
show  different  behavior;  they  all  rotate  the  plane  of  polarization  to  the 
left,  while  the  glucuronic  acid  itself  is  dextrorotatory.  On  taking  up 
water  they  split  into  glucuronic  acid  and  the  conjugated  group.  A  few 
reduce  copper  oxide  and  certain  other  metallic  oxides  in  alkaline  solution 
and  hence  cause  errors  in  the  investigation  of  the  urine  for  sugar.  As  the 
detection  of  conjugated  glucuronic  acids  is  connected  with  the  tests  for 
sugar  in  the  urine  we  will  treat  of  this  in  connection  with  these  testa. 


1  Pfluger,  Zeitschr.  f.  physiol.  Chem.,  9.     See  also  Huppert-Neubaucr,  72. 

'See  Roein,  Munch,  med.  Wochenschr.,  46;  Niemilowiez,  Zeitschr.  f.  pbyRol 
Chem.,  30;  Niemilowiez  with  Gittlemacher-Wilenko,  ibid.,  36,  and  Il&ier,  Compt.  read., 
129. 

1  Fluckigcr,  1.  c;  Mayer  and  Neuberg,  Zeitschr.  f.  pbyaioL  Chem.,  29. 

4  Arch.  f.  exp.  Path.  u.  Phann.,  47. 
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Organic  combinations  containing  sulphur  of  unknown  kind,  which  inuy 
in  small  part  consist  of  sulphocyanides,  0.04  ((is*  hi  it)i.K.\)-0.11  p.  m. 
(I.  Munk  *),  cystin,  or  bodies  related  to  it,  taurin  derivatives,  chondroitinr- 
sulphuric  acid,  and  protein  bodies,  but  in  greater  part  are  made  up  of  oxy- 
proteic  acid,  aUoxyproteic  acid,  and  uroferric  acid,  are  found  in  human  as  well 
as  in  animal  urines.  The  sulphur  of  these  mostly  unknown  combinations  has 
been  called  "  neutral,"  to  differentiate  it  from  the  "  acid  *'  sulphur  of  the  sul- 
phate and  ethereal-sulphuric  acids  (BaLKOWBKI  *).  The  neutral  sulphur  in 
normal  urine  as  determined  by  Salkowski  is  lo  percent,  by  St  UTCBAOBN 
\'.\. :i-l  1.5  per  cent,  and  by  LdtaaOG  20  per  cent,  and  Harnack  and  Kleink  s 
19-24  per  cent  of  the  total  sulphur.  In  starvation,  according  to  Fr. 
Mi '-li.kr.  with  insufficient  supply  of  oxygen  (Reale  ami  Harnack 

and  Ki.kine),  as  in  chloroform  narcosis  (K.\sr  and  Mkstkh),  as  also  after 
the  introduction  of  sulphur  (Presch  and  "i  v.  -\  •),  the  quantity  of  neutral 
sulphur  is  increased.  The  quantity  of  neutral  sulphur  varies,  according 
to  Be.vkdikt  and  ftUBONl),  within  rather  narrow  limits  and  is  dependent 
to  a  less  degree  than  the  sulphate  excretion  upon  the  extent  of  the  pro- 
teid  metabolism.  The  relationship  between  the  neutral  and  acid  sulphur 
depends  in  the  first  place  upon  the  extent  of  the  sulphuric-acid  excretion, 
According  to  Harnack  and  Ki.kim:,5  the  relationship  of  the  oxidized 
sulphur  to  the  total  sulphur  changes  always  in  the  same  way  as  the  relation- 
ship of  the  DitXQg&n  Of  the  urea  to  the  t.oial  nitrogen.  The  more  unoxidized 
sulphur  is  eliminated  the  more  abundant  is  the  nitrogen,  not,  urea,  in  the 
urine,  a  statement  which  coincides  with  rer.rn  ( >bservations  where  Un- 
neutral sulphur  originates  chiefly  from  the  oxyproteic  acid,  the  allo.w  p 
acid,  and  the  uroferric  acid. 

According  to  Lepive,  a  part  of  the  neutral  sulphur  is  more  readily  oxidized 
(directly  with  chlorine  <.r  bromine)  into  sulphuric  acid  than  the  other  which  it 
converted  into  sulphuric  arid  after  fusing  with  potash  and  saltpeter.  According 
to  the  investigations  of  \V.  Smith,*  it  is  probable  that  the  most  unoxidisable  part 
of  the  neutral  sulphur  occurs  ius  BUipho  acida.  An  Increased  elimination  of  Q 
sulphur  has  been  observed  in  various  discuses,  such  aa  pneninonia,  ey-i.inuria, 
ana  especially  where  the  flow  of  bile  into  the  intestine  is  prevented. 

The  total  quantity  of  sulphur  in  the  urine  is  determined  by  rosing  the 
urinary  residue  with  saltpeter  and  ilkali.    Thequfl  itr&l  sulphur 

is  determined  as  the  difference  between  the  total  sulphur  and  the  sulphur  nl  the 
sulphate  and  stheraal-eulpauric  acids.    The  readily  oxidisaMa  pari  of  the  neutral 

1  Gscheidlen,  Pflujcer's  Arch.,  14;    Munk,  Virchow'a  Arch..  60. 

*  Ibid  ,  68.  and  Zeitschr.  f.  phyaiol.  Chem.,  0 

1  Stadtbagen,  Virchow'a  Arch.,  100;  Lepine,  Compt.  rend.,  91  and  07;  Harnack 
and  Kleine.  Zeitachr.  f.  Biologic  37. 

•Fr.  Muller.  Bed  klin.  Wochcnachr. .  1887;  Reale  and  Roeri,  Maly 's  Jahresber.  24; 
Harnack  and  Kleino,  1.  c. ;  Preach,  Virchow's  Arch.,  119;  Yvon,  Arch,  de  PhyaioL 
(5).  10 

1  Benedikt.  Zeitschr.  f.  klin.  Med.,  30;  Harnack  and  Kk-inc,  1.  c. 

•Lepine.  1.  c  ;  Smith,  Zeitachr.  f.  physiol  Qhem,,  17. 
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chlorate  and 


sulphur  is  determined  by  oxidation   with  bromine  or  potassium 
hydrochloric  Jkkomk  'j. 

Sulphuretted  hydrogen  occurs  in  the  urine  only  under  abnormal  condition 
or  as  a  decomposition  md    may  be  produced   from  the 

neutral  sulphur  of  the  anuria  substances  of  the  urine  by  the  m 
bacterid  (Fk.  Miu.kk,  0 ujdtwbki  -i.    Other  investigators  haw 
sulphites  as  the  source  of  the  sulphur 

SUlphiteS  in  normal  human  urine,  which  is  asserted  by  HuTL'BH,  is  disputed  hv 
Salkowski  and  PuBCB.1  Hyj>osulphitc3  occur  constantly  iri  cat  \s  urine  and, 
as  a  rule,  aLso  in  dog's  urine. 

Oxi/proleir  acid  is  the  name  given  by  BoNDZYNSKl  and  Gottueb  to  i 
nitrogenous  acid  containing  sulphur,  whose  existence  in  human  urine  was 
first  suggested  by  TOpfek.    It  seems  to  be  a  normal  eon  of  human 

and  dag  V-  urine,  but  is  found  to  ■  much  greater  extent  in  the  urine  of  dogs 

OOfid  with  pi  ,'ynski   and  Gottlieb).    According  to 

these  experimented     it  has  the  formula  C0IIV?NUS<  »„.  and  accord  inj:  . 
('i.oktta,4  who  calls  it  uroprotoic  aeid,  t'0«H11I,N,,l,><»S4.     It  does  not  contain 
any  loosely  aombined  sulphur  Is  in.  tyrosin  on  cleavage.     It  docs 

not  respond  either  to  the  xanthoproteic  or  the  biuret  reaction,  but  p; 
faint,  test  with  frlfTiTiflTf  Id  roagorrt.  find  is  not  precipitated  byphoaphotu 
acid;  hence  on  this  account  it  leads  to  an  error  in  the  P  and  Boh- 

lanp  method  for  estimating  urea.    Its  barium  salt  is  soluble  in 
insoluble  in  alcohol,  and  serves  in   the  preparation  of  the  acid  from 
urine.     This  acid  is  precipitated  by  CDfirOUric  acetate  or  nitrate,  but  i  • 
basic  lead  acetate.      It.  gjVBS   Kliui.li'll  '>  ilin/.u  reaction  (SSS  l>clow). 

acid    h   considered  as  an    intermediary   oxidation   product  of  Utt 
proteids,  and  it  is  similar  in  certain  regards  to  Malt's  peroxyprotir  acid. 
The    amount   calculated  ai   barium    salt,  according  to   Bond/.vnski  and 
GOTTLIEB,  may  he  3—1  grams,  and   somewhat   more,  according  to   !'; 
and  its  nitrogen  am- Hints  to  about  2-3  per  cent  of  the  total  nitrogen. 

Allor>!pm(cic  add  is  another  of  these  acids  isolated  by  Ek»  and 

PaNEK*  from  the  urine.  The  formula  of  this  acid  has  not  l>een  determined. 
Tli q  (n-v  arid  contains  fi  per  cent  sulphur.      The  salt  contains 

28.75-32.05  percent  Ba,27  per  cent  C,  8.20-10.13  percent  X, and  3.22-3.41 
per  cent    S.      I. ike  oxyproteic  acid    it  does   not   give  the   biuret    r.-. 
and  is  not  precipitated  either  by  phosphotungstio  acid  or  1 
or  by  potassium  ;  iide  and  acetic  acid.     It  differs  from  >• 

acid  by  a  different  behavior  of  its  salts,  and  also  by  the  fact  that  it  is  pre- 

1  Jprnmc  PflitRer'a  Arch,  60. 

*Fr.  UlUkr,  I'.-rlin.  klin.  Wochenschr..  1887;  Salkowski.  Qrid.,  lsss 
1  Hflflter,  Pft  b  .  BS;  Salkowski,  ibid.,  39;  Preach,  Virchow's  Arch..  119. 

Mieb,  Centralbl,  f.  d.  nud.  U  uwunach.,  1897.  No  33;  Topfcr. 
{bid.,  41;   Ooetta,  Arch    f.  exp.  Path.  u.  Phanu..  40. 

*  PflQgw'l  Arch  ,  76. 

•  Bar.  d.  d.  chem.  GeselLsch..  35. 
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cipitated  by  basic  lead  acetate  and  by  not  giving  EiiRLicn's  diazo  reac 
The  daily  amount  Of  (bifi  acid  Hammaksten  calculates  as  1.2  grains,  equal 
to  0.6S  per  cent  of  the  total  nitrogen, 

Tho  two  acids  are  prepared  from  the  urine  by  precipitating  it.  with  barium 
hydrate  and  calcium  hydrate,  removing  tfai  with  carbon  dia 

and  then  evaporating  to  a  syrup.     After  ta  mp  with  alcohol- 

ether  the  residue  I  <-<\  in  water  and  th<n  precipitated  in  acelic-arici 

solution   with    mercuric    acetate;     The  bate,    W&ieh   contains   both 

acids.  nit   IKS,  then  the  calcium  md  their  dilu- 

tion precipitated   with   base   lead   acetate,  which  onto  pr»  -  the 

alhixyproteic  acid,     Finally  the  barium  or  silver  salt  of  each 
pared  separately. 

rroferric  acid  is  an  arid  isolated  by  Tuim.k  '  from  the  urine,  according 
k<;k!<ii;i>'s    method    for    preparing    pure   peptone.      It    also    contains 
sulphur,  3.46  per  <  ■  I  has  the  formula  CjjHm.\,.SO,0.    The  acl 

a  white  powder  which  b  readily  soluble  in  water,  saturated  azmnon&Qn> 

Ate  solution,  and  methyl  alcohol.  It  is  soluble  with  difficulty  in 
•beohlto    alco!  luble    in    benzene,  chloroform,   ether,    and    at 

ether'.  About  one  half  of  the  sulphur  ran  be  j  -lit  off  as  sulphuric  aeid 
on  boiling  with  hydrochloric  acid.  The  aeid  gives  neither  the  biuret 
test   nor   Mii.i.on's    or   Adamkikwii/'*    reactions.       Tt.   is    precipitated    by 

iric  nitrate  and  sulpha ti-  and  abo  by  phoephotuugrtlo  arid  (diflaring 
from  the  other  two  above-mentioned  acids).  This  acid  is  hezabaak  and 
its  specific  rotation  is  (a)i?  =  —  32.5°.  On  cleavage  it  yields  mdanine 
substances,  sulphuric  acid,  aspartic  acid,  but  no  hexon  bases. 

Organic  combination*  contain  MM  pfootpkerUi  (glycerophosphoric  arid,  phospho- 
earnie  arid  (RoQCWOOD),  eta,),  which  yield  phosphoric  arid  on  fusing  with  salt- 

nd  caustic  alkali,  are  also  found  in  mine  (Lbkhb  and  Etmosh  i  i  m.2). 
With  I  total  elimination  of  about  2.0  prams  total  1M.)4,  Okhtrl  found  on  an 
average  about  0.06  gram  I\05  M  phoephortil  in  organic  combination. 

Enzymes  of  various  kinds  have  been  isolated  from  the  urine.  Among  these 
may  be  mentioned  jtepsin  (Bacon  and  others),  which,  according  to  Matthks, 
undoubted! v  originates  from  the  Stomach,  and  !'  '/<'"  ffiM  (('•  mOBBM  and 

others).    Tin*  occur  once  of  rennifl  end  trypiin  in  the  urine  is  doubtful.' 

Mucin.  The  nubecula  consists,  as  shown  by  K.  Mornkh.*  of  a  mucoid  which 
contain-*  12.74  j>er  cent  N  and  J..!  per  cent  S.    This  mucoid,  apparently 

originates  in  the  urinary  pa -sages,  may  pass  to  ■  slight  extent  Into  solution  i 

nrd    to    the    nature   Of   the    mucins  and  nucleoidbuininM  otherwise 
ring  in  the  urine  we  refer  the  reader  to  the  pathological  constituents  of  the 
urine. 


1  Zetteebi  '  Chem.,  37. 

*  Itockwood,  T»n  Bok  1:  •>  in  'ill's  Arch.,  1895;   Ocrtel,  Zcitsckr.  f.  phyaio!.  Chem., 
2d,  which  rite*  the  •  irla     See  also  Keller,  Zeitschr.  f.  pbysioL  Chem.,  29j 

Mandel  and  Oertel,  N.  V    ITniv.  Hull    Med.  BofenOMj  1 

1  In  regard  to  the  literature  on  eosymM  in  the  urine,  see  Huppert-Neubaiier,  599} 
Malthas,  Arch.  f.  exp.  Path.  u.  Pharm.,  49. 
md.  Arch.  f.  Physiol.,  0. 
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Ptomaines  and  leueomaines,  or  poisonous  substances  of  an  unknown  kind, 
which  are  often  described  aa  alkalnidal  lobst  BUT  in  normnl  urine  i  POUCUI, 

HMtn,  Anocco,  and  o(.hers).      Under  pathological  conditions  the  qui 
0l  these  substances  may  bfl  B"  >UCfl  ucd,  LIpine  ami  .  Viluu», 

('■kikhths,  Aldc,  and  others).    Within  the  last  few  years  the  poisonous  1 1 

d  urine  bays  bean  the  subject,  of  more  thorough  investigation,  especially  I  v 
Bouchard.    Be  found  that  die  night,  urine  ia  less  poisonous  than 
and  that  the  poisonous  constituents  of  the  day  and  night  urines  hav  not  the  same 
action.     In  order  to  be  Able  to  compare  tbe  tOflic  '  the  urine  under  different 

conditions,  BoichaRD  determines  the  DBOtOXXO  COBVflCDOrr,  which  i.s  the  weight 
of  rabbit    in  kilo.s  that  is  killed  by  tin  v  of  urine  excreted  In  twenty-four 

hours  by  1  kiln  of  the  person  experimented  upon.' 

Bai :mann  and  v.  Udranszky  have  shown  that  ptomaines  may  occur  i> 
urine  under  pathological  conditions.     They  demonstrated  the  presence  of  la 
ptomaines  discovered  and  first  isolated  by  Bhiegeu — puircscin,  QfHpNj  (tetne 
mcthylendiamine),  and  ettdaverin,  t'iHuN3  (pentamethylcndiamiiii 
of  a  j  •: 1 1  n ti t   suffering  from  cystinuria  and  catarrh  of  the  bladder,     ('adavrrn 
l>cen  found  by  Stadthaoen  an<l  Bhie«;bh  in  the  urine  in  two  cases  of 
<■;,-» intjriu.      Bribqer,   v.  Udhanssky  and  Baumann,  and    Stadthaoen  have 
shown  that  neither  these  nor  other  diamines  occurs  under  phy a 
while  DOKBROVBBX3  on  t In-  oontrary,  found  cxLiverin  besides  another  ptomaine 
with  the  formula  (^1I15NOj,  and  munniu-  in  normal  un 

ial  tnina  0  '  b  denied  by  certain  investigators,  such  is 

SiADTiiAoKN,   Beck.,  and  v.   i>.   Behgh.1    The   poisonous   action   of  the  urine, 
ICOOrdioaj  to  them,  ■  due  in  part  to  the  potassium  salts  and  in  part,  to  th 
of  the  toxicity  of  the  other  normal  urinary  constituents  (un 
which   have;   very   little   jwisonoU-s  anion   individually.      The 
have  prBBented  very  forcible  objections  to  Bouchaho's  doctrine. 

Many  substances  have  been  observed  in  aniin.nl  urine  which  are  not  foui 

humaa  mine.    To  these  belong  the  above  described  toad, 

also  found  in  dog's  urine  and  which  seem  1  in  some  relationship  ; 

puriu  bases;    damaluric.  nriii  and  damo  ling    o  SCHOn 

a  mixture  of  benzoic  arid  with  volatile,  fatty  acids),  obtained  by  the    ; 
i  •  on      urine;  and  lastly,  liihuric  acid,  found  in  the  urinary  concrements  of  cef- 
uiiinals, 

III.   l iioriMnii-  Constituents  of  Uriti«*. 

Chlorides.     The  chlorine  occurring  in  the  urine  is  undoubtedly  c 

with  the  bases  contained  in  this  excretion;   the  chief  part  is  in  eomhii 

with  BodhsBL      In  accordance  with  this,  the  qt  of  ehlorine  in  the 

urine  \b  generally  expressed  as  NaCl. 

The  question  as  t  of  t^  chlorine  contained  in  the  orioe 

(8  as  organic  combinations,  as  considered  by  B&RLIOZ  and  Li 

still  disputed.6 

1  A  complete  bibliography  on  the  ptomaines  and  leueomaines  of  th  <und 

in  Huppcrt-Ncubauer,  103. 

1  Baumann  and  Udranszky.  Zeitachr.  f.  physio!.  Chem.,  18;  Stadthagen  and  Briefer. 
Virchow's  Arch,  115;   Donihrowski,  Arch    pokknai*  d  sciences  bio!.,  1903. 

'.Stadthagen,  Znt  chr  f.  klin.  Med.,  15,  Beck,  Pfliige/'s  An  I  7  1  .  d.  Bergk, 
ZeiUchr.  f.  klin.  Mod  .  35 

•  Zeitschr.  f.  physiol.  Chem.,  7. 

*  Berlioz  and  Lepinois,  see  Chem.  Centralb!.,  189-1,  1.  and  1895,  1;  also  Petit  and 
Terrat,  d>id.,  1891,2,  and  Vitali,  ibid.,  1897,  2;  Viele  et  Moiteamer,  Maly'a  JahreAer., 
31;  Meillere,  ibid.;  Bruno,  ibtd.,  U 
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The  quantity  of  chlorine  combinations  in  the  urine  is  subject  to  conn 
able  variation.  In  general  the  quantity  from  a  healthy  adult  on  a  mixed 
diet  is  10-15  grams  of  NaCl  pet  twenty-four  hours.  Thn  quantity  of  common 
salt  in  the  urine  depends  chiefly  upon  the  quantity  of  salt  in  the  food,  with 
which  the  elimination  of  chlorine  increases  and  decreases.  The  free  drink- 
ing of  water  also  increases  the  elimination  of  cldorine.  which  is  greater 
during  activity  than  during  rest  (at  night).  Certain  organic  chlorine  com- 
binations, such  as  chloroform,  may  increase  the  elimination  of  inorganic 
•hi' -rides  by  the  urine  (Zellf.k,  Kast  !). 

Tn  rliarrhrra,  in  quick  formation  of  large  transudate-  ami  exudates,  also 
larked  cases  of  acute  febrile  diseases  at  the  time  of  the  crisis, 
the  elimination  of  NaCl  is  materially  decreased.    The  excretion  of  chlorine 
rniy  vary  considerably  in  disease,  but  still  the  NaCl  taken  with  the  food 
has  here,  as  in  p]  al   conditions,  a  great  influence  on  the   NaCl 

excretion. 


The  qunntitalivr  mlimaliun  e/  ch!t>rim:  in  the  urine  is  most  simply  per- 
formed by  titration  with  silver-nitrate  solution.  The  urine  must  not 
contain  either  proteid  (which  if  present  must  be  removed  by  coagulation) 
or  iodine  or  bromine  compounds. 

In  the  presence  of  bramidM  Of  kxMdw  evaporate  a  measured  quantity  of  the 
urine  to  dryness,  fuse  the  residue  with  mttpstef  and  soda,  dissolve  t In*  Fund  mass 
in  water,  and  remove  the  iodine  or  bromine  by  the  addition  of  dilute  sulphuric 
acid  and  some  nitrite,  and  thoroughly  shake  with  carbon  disulnhidc  ' I " i i •  •  liquid 
thus  obtained  may  now  be  titrated  with  silver  citrate  according  to  Vousa  ■ 
method.  The  quantity  of  bromide  or  iodide  is  calculated  as  the  difference  be- 
tween the  quantity  of  silver-nitrate  solution  u  ed  for  the  titration  -if  thfl  solution 
of  the  fused  mass  and  the  quantity  used  for  the  corresponding  volume  of  tin- 
original  urine. 

The  otherwise  excellent  titration  method  of  Mohk,  according  to  which 
we  titrate  with  silver  nitrate  hi  neutral  Squids,  using  neutral  potassium 
chromate  as  an  indicator,  cannot  be  used  >im  <  tk  on  the  urine  in  careful 
work.  Organic  urinary  constituent!  are  also  precipitated  by  the  silver  salt, 
and  tip  !•<•  there! ore  somewhat  bjghfar  the  chlorine.    If  this  method 

(is  to  be  employed,  the  organic  urinary  constituents  must  hrsl  be  destroy, 
I         this  purpose  evaporate  to  dryness  5-10  c.  c.  of  the  urine,  after  the 
addition  of  1  gram  of  chlorine-free  soda  ami  1-2  prams  chlorine-free  salt- 
peter, and  carefully  fuse.     The  mass  is  dissolved  in  water,  acidified  fan 
with  nitric  acid,  and  then  neutralized  exactly  with  pure  ealeium  oarbonate. 
This  neutral  solution  is  used  for  the  titra:; 

The  silver-nitrate  solution  may  be  a  N/10  one.     It  is  often  made  of 
ich  a  strength  that  each  cubic  ez  corresponds  to  0.006  gram  Q  or 

.01  gram  NaCl.     This  last-mentioned  solution  contains  29.075  gran 
AgNO,  in  1  liter. 
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FiiKUvn  and  Toepfkr,  as  well  as  Bodtker,1  have  suggested  modifica- 
tions of  Mohr's  method. 

Vdi.haicd's    Mi.iuoi.      Instead   of    the    preceding   determina 
hakd's  method,  which  can  be  performed   directly  on   the   urine -.  may  be 
employed.     The  principle  IS  Ifl  follows:     All  the  chlorine  frum  the  urine 
acidified  with  nitric  acid  is-  precipitated  by  an  excess  of  silver  ni 

d,  and  in  a  measured  part  of  the  filtrate  the  quantity  of  silver  added 
in  excess  is  determine- 1  by  means  of  a  sulphocyanide  solution.  This  exec* 
of  silver  is  oou  precipitated  by  the  sulpha  d  a  solutai 

ferric  salt,  which,  as  is  well  known,  gives  a  blood-red  reaction  with 
the  smallest  quantity  of  sulphocyanide,  is  used  as  an  ii 

We  require  the  Following  solutions  for  ration:     1    A  aher- 

nitrate  solution  Which  contai  j, per  lit-  .which 

each  cubic  centimeter  corresponds  bo  o.oi  gram  XaCl  or  0.00007  gran  0. 
2.  A  saturated  solution  at  the  ordinary  temperature  of  chlorine-free  inm 
alum  or  ferric  sul  triorine-free  nitric  acid  of  a  specific  gn 

of   1.2.     1.  A  potassium-Hul|)hocvaiiide  solution   which  contains  S.3  crania 
KCNS  per  liter,  and  of  which  2  c.  c.  corresponds  to  1  c.  c.  of  the  e 
nitrate  solution. 

About  0  gramfl  Of  potassium  sulphocyatiide  are  dissolved  In  water  and  diluted 
to  1  ii  •  ■■  quantity  of  KCN8  contained  in  this  golution  is  detennii 

i -nitrate  solution  in  the  following  way:    Measure  exactly  10  c.  c.  of  the  star 
bo  ami  treat  h1  with  ■'»  e.  a  of  nitric  acid  and  1-2  o,  c.  of  the  ferri 
Hon  and  dilute  with  water  100  Now  the  sulphocyani 

Ided  from  a  burette,  constantly  stirring  until  a  permanent  faint-red  color*- 

oftheliqu  The  quantity  of  sulphoeyaaide  found  in  the  »ev 

tion  by  this  means  indicates  how  much  it  must  be  diluted  to  be  of  the  proper 

strength.    Titrate  once  more  with  10  c.  c.  of  AgNOa  solution  and  fca» 

phocvanidc  solution  by  the  careful  addition  of  water  until  20  c.  c.  exactly  00II&- 
sponds  to  10  c.  c.  of  the  silver  solution. 

The  determination  of  the  chlorine  in  the  urine  is  performed  1 
method  in  the  following  way:    Ebcactrj   10  i    o.  of  the  urine 

ich  has  a  mark  corresponding;  to  100  c.  c.  and  which  is  pr 
With  a  Stopper;  SCO.  Of  nitric  acid  is  added;    dilute  with  aboul 
water  and  then  allow  exactly  20  c.  c.  of  the  silver-nitrate  solution  to  flow 
in.    Go.se  the  flask  with  the  Btopper  and  shake  well,  remove  The  stopper 
and  wash    it  with    distilled   water    into    the    flask,  and    till    the   fll 
the   ltiO-c.  <:.  mark  with    distilled   water.      Close    again  with    tin 
carefully  mix  l>\    Bhaking,  and  filter   through    a   dry  filter.      M< 
BO  c  c.  of   the  filtrate  by  means   of   a  dry  pipette,  add   3  o.  c.  of  fi  r 
salt  solution,  and   aDow   the    sulphocyanide   solution    to  flow  in  until 
liquid  above  the  precipitate  has  a  permanent  red  color.    The  ci 
is  very  simple.      For  example,  if    4.6  c.  c.   of    the    sulphocyanide  solu- 
tion was  necessary  to  produce  the  final  reaction,  then  for  100  c.  c.  of  the 
filtrate  ('  -  ID  c  c.  urine)  9.2  c.  c.  of  this  solution  is  neeessar-  c.  of 

the  sulphocyanide  solution  corresponds  to  4.6  c.  c.  of  the 
and  4.6=15.4  c.  c.  nf  the  silver  solution  was  necessary  to  com- 

pletely precipitate  the  chlorides  in  10  c.  c.  of  the  urine,  then  10  c.  c.  con- 
tains 0.154  gram  of  XaCl.    The  quantity  of  sodium  chloride  in  the  urine 

1  Framd  And  Toepfer,  see    Maly'a  Jahresber.,  22;    B6dtk«*r,  Zeitschr.  f.  phywi 
Chew..  20. 
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urefore  1.54  per  cent,  or  15.4  p.  m.     If  we  always  use  10  c.  c.  for  the 
.  and  always  20  e.  e.  of  AgN"Os  solution,  and  dilute  with  water 
to  100  c.  c,  the  quantity  of  NaCl  in  1000  parts  of  the  urine  is  found  by  sub- 
tracting from  20  tbe  Dumber  of  cubic  centimeters  of  sulphocyanide  (H 

ii h  50  c  o,  <.f  the  filtrate.    The  quantity  of  NaUl  p.  ED.  therefore 

under  these  circumstances  =  20—  R.  and  the  percentage  of  NaCl  =  !:-rTT — . 

The  approximate  681  of  chlorine  in  the  urine  (which  must  be 

free  from  prut  made  by  strongly  acidil  and  then 

adding  to  it,  drop  by  drop,  a  Boneentrated  mvor-nHrate  solution  (1:8). 
in  a  normal  quantity  of  ohioridee  the  drop  -.inks  to  m  as  a  n 

compact  cheesy  lump.     In  dimmiBO  itxtiea  of  chlorides   toe  pre 

tate  is  less  compact  and  coherent,  and  in  the  presence  of  very  little  obi 
a  fine  white  precipitate  or  only  a  cloudiness  or  opalescence  is  obtain 

Phosphates.  Phosphoric  acid  occurs  in  acid  urines  partly  as  dihvdrogen, 
MHjP04,  and  partly  as  mm. .hydrogen,  M,UV'<  ><,  phosphates,  both  of 
which  may  be  found  in  acid  urines  at  the  same  time.  Ott  l  found  that  on 
an  average  60  per  cent  of  the  total  phosphoric  acid  was  di-  and  10  per 
cent  was  monohydrogen  phosphate.  The  total  quantity  of  phosphoric  acid 
is  very  variable  and  depends  00  the  character  and  the  quantity  of  food.  The 
ifle  quantity  of  r2Ot  is  in  round  numbers  2.~>  grams,  with  a  variation  of 
1-5  grams  per  day.  A  small  part  of  the  phosphoric  acid  of  the  urine  orig- 
inates from  the  burning  of  organic  compounds,  such  as  nuclei  n,  prol 
lecithin,  within  the  organism;  on  exclusive  feeding  with  substances  rich  in 
nuclein  or  pseudonuclein  the  quantity  of  phosphates  is  essentially  increased; 
si  ill   |  i  what  extent   ;h.-  bxctqUod  of  phosphoric  arid  is  a 

measure  of  the  absorption  and  decomposition  of  these  I  n  Hob.1  The  greater 
part  originates  from  the  phosphate!  of  the  food,  and  the  quantity  of  phos- 
phoric acid  eliminated  Is  greater  when  the  food  is  rich  in  alkali  phosphates 
in  proportion  to  the  quantity  of  lime  and  magnesium  phosphates.  It 
tin-  food  contains  much  lime  and  magnesia,  large  quantities  of  earthy 
phosphates  are  eliminated  by  the  excrement;  and  even  though 
food  contains  considerable  amounts  of  phosphoric  at; id  in  the  ,  the 

quantity  excreted  by  the  urine  is  email.  This  is  true  especially  for 
vora,  in  which  the  kidneys  are  the  chief  organs  for  the  excretion 
of  alkali  phosphates.  In  man,  according  to  Ehrstrom,  the  content  of 
lime  in  the  food  seems  to  play  no  important  role,  as  in  his  experiments 
about  one  half  of  the  phosphoric  acid  taken  as  0aHFO<  was  aJbaoi 
Htill  the  extent  of  phosphoric-acid  excretion  through  the  urine  depends 
in  man  not  only  upon  the  total  quantity  of  phosphoric,  said  in  the  food  but 

1  Zcitschr.  f.  physiol   Chem.,  10. 

*S«e  A.  Gumlich,  Zeitschr.  f.  phyaiol.  Chem.,  18;  Itooa,  ibid.,  21;  Weintraud, 
ois-Iteymond's  Arch  ,  1895;  Milroy  and  Malcolm,  Journ.  of  Physiol  .  '_»;}  R, ,n- 
mann  and  Steinitx,  Pfluger's  Arch.,  72;  Loewi,  Arch,  f  vxp.  Path.  u.  Pharm.,  44 
and  45. 
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also  upon  the  relative  amounts  of  the  alkaline  earths  and  the  alkali  salts  of 
the  food.     In  carnivora,  in  which  phosphate  injected  subcutaneou- 
eliminated  by  the  intestine  (Bergmann),  the  urine  is  habitually  poor  in 
phosphates.1 

As  the  extent  of  the  elimination  of  phosphoric  acid  is  mostly  dfl 
Upon  the  character  <»f  the  food  and  the  absorption  of  -phates  fa 

intestine,  it  is  apparent  that  the  relationship  between  the  nitrogen  and 
phosphoric-acid  excretion  cannot  run  parallel.    This  is  in  fact  so,  arid, 
according  to  IOhkstkom,  the  organism  has  the  power  of  accumulating  larfe 
quantities  of  phosphorus  for  a  relatively  long  time  independent  of  the 
condition  of  the  nitrogen  balance.    With  a  certain  regular  food  the  rela- 
tionship between  nitrogen  and  phosphoric  acid  in  the  urine  can  be  kept 
nearly  constant.      Thus  on  feeding  with   an  exclusive  meat  diet,  as  ob- 
served by  Voit  *  in  dogs,  when  the  nitrogen  and  phosphoric  acid  1 1 
of  the  food  exactly  reappeared  in  the  urine  and  fteces,  the  relationship  was 
S.I:  1.     In  starvation  this  relationship  is  changed,  namely,  relatively 
phosphoric  acid  is  eliminated,  which  seems  to  indicate  that  bee 
and  related  tissues,  another  tissue  rich  in  phosphorus  is  largely  destroyed. 
The  starvati*  how  that  this  is  the  bone- tissue.     According 

to  Preysz.  Oi.swszkv,  KluO,  and  I.  Muvk*  the  elimination  of  phosphoric 
acid  is  considerably  increased  by  intense  muscular  work. 

As  the  phosphoric  acid  is  in  part  derived  from  the  nucleitis  it  would  1* 
expected  that  in  those  diseases  in  which  the  excretion  of  alloxur 
was  increased  the  phosphoric  Bold  would  also  be  augmented.     This  is  not 
the  case,  and  indeed  we  have  observed  cases  with  an  in<  Uminauon 

of   alloxuric  bodies  with    a   diminution    in    the   phosphoric-acid    e.vi 
Cases  of  leucaemia  have  been  observed  in  which  the  phosphoric-acid  excre- 
tion was  reduced,  although  there  was  a  pronounce*  1  increase  in  the  number 
of  leucocytes.      In   these  cases  there  maybe  a  subsequent  cm  w 

retention  of  phosphoric  acid.     This  last  condition  occurs  also  in  iriflammi- 

and  renal  diseases.    The  urine  sometimes  has  the  tondent  • 
cipitating  the  earthy  phosphates  either  spontaneously  or  after  warmir 
and  this  has  been  called  phosphaluria.     We  are  dealing  here,  it  seem- 
I  diminished  excretion  of  phosphoric  acid  and  an  increased  eliminat. 
lime,  or  at  least  an  essentially  different  relationship  between  the  phoFj 
acid  and  the   alkaline  earths   of    the  urine,  as   compared   to  the    normal 
BE,  Iwavoff.  Soetrkk  and  KBXBOTB  f). 

1  Ehmtrum,  Skand.  Arch.  f.  Physiol.  14;  Bergmnmi.  Arch  f.  exp.  Path.  u.  Ph&rn 

1  Physiologic  des  allgcineinen  StorTwecksels  und  dor  Erniihrung  in    L.  Hermann* 
Handhtich,  6,  Thl    1.  71). 

»  PrevM,  see  Maly's  Juhrreber.,  21;    Olsavszky  and  Klug,    Pfluger's  Arch 
Munk,  Du  Bois-Reymond 's  Arch..  1895. 

•  Panek,  see  Maly's  Jahresber..  SO.  112;    Iwanoff,  Biochem.  Centralbl ..  1.  : 
Softther  and  Kricgcr,  Deutsch.  Arch.  f.  klin.  Med.,  "'2. 
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Quantitative  Estimation  of  the  Total  Pfiosphoric  Acid  in  the  Urine.  This 
estimation  is  most  simply  performed  by  titrating  with  a  solution  of  ura- 
nium acetate.  The  principle  »>f  the  titration  is  as  follows:  A  warm  solu- 
tion of  phosphates  containing  free  acetic  acid  gives  a  whitish-yellow  pre- 
cipitate of  uranium  phosphate  with  a  solution  of  a  uranium  salt.  This 
precipitate  is  insoluble  in  acetic  acid,  but  dissolves  in  mineral  acids,  and 
on  this  account  there  is  always  added,  in  titrating,  a  certain  quantity  of 
sodium-acetate  solution.  Potassium  ferrwyanide  is  used  as  the  indicator, 
Which  does  not  act  on  the  uranium-phosphate  precipitate,  but  gives  a 
lb-brown  precipitate  or  coloration  in  the  presence  of  the  smallest 
amount  of  soluble  ur.anium  salt.  The  solutions  necessary  for  the  titration 
an:  1.  A  solution  of  a  uranium  salt  of  which  each  cubic  centimeter  cor- 
responds to  0.005  gram  P,Os  and  which  contains  20.3  grams  of  uranium 
per  liter.  20  c.  c.  of  this  solution  corresponds  to  0.100  gram  P,0,. 
2.  A  solution  of  sodium  acetate.  3.  A  freshly  prepared  solution  of  potas- 
sium ferrocyanide. 

The  uranium  solution  is  prepared  from  uranium  nitrate  or  acetate.  Dissolve 
about  35  grams  uranium  acetate  in  water,  add  some  acetic  acid  to  fa  ilitate  solu- 
tion, and  dilute  to  1  liter.  The  strength  of  this  solution  is  determined  by  titrating 
with  a  solution  of  sodium  phosphate  of  known  strength  (10.085  grams  crystallized 
salt  in  1  liter,  which  corresponds  to  0.100  gram  P,0,  in  50  c.  c.i.  Proceed  in  the 
same  way  as  in  the  titration  of  the  urine  (see  below),  and  correct  the  solution  by 
ig  with  water,  and  titrate  again  until  20  c.  c.  of  the  uranium  solution  corre- 
sponds exactly  to  50  c.  c.  of  the  above  phosphate  solution. 

The  sodium-acetate  solution  should  contain  10  grams  sodium  acetate  and 
10  grams  cone,  acetic  acid  in  100  c.  c.  For  each  titration  5  c.  c.  of  this  solution 
is  used  with  50  c.  c.  of  the  urine. 

In  performing  the  titration,  mix  50  c.  c.  of  filtered  urine  in  a  beaker 
with  5  c.  c.  of  the  sodium  acetate,  cover  the  beaker  with  a  watch-glass,  and 
warm  over  the  water-bath.  Then  allow  the  uranium  solution  to  flow  in 
from  a  burette,  and  when  the  precipitate  does  not  seem  to  increase,  place 
a  drop  of  the  mixture  on  a  porcelain  plate  with  a  drop  of  the  pota.^ 
ferrocyanide  solution.  If  the  amount  of  uranium  solution  added  has  not  been 
sufficient,  the  color  will  remain  pale  yellow  and  more  uranium  solution  must 
be  added;  but  as  s<x>n  as  the  slightest  excess  of  uranium  solution  has  been 
used  the  color  becomes  faint  reddish  brown.  When  this  point  has  been 
obtained,  warm  the  solution  again,  and  add  another  drop.  If  the  color 
remains  of  the  same  intensity,  the  titration  is  ended;  but  if  the  color  varies, 
add  more  uranium  solution,  drop  by  drop,  until  a  permanent  coloration  is 
obtained  after  wanning,  and  now  repeat  the  test  with  another  50  c.  c.  of 
the  urine.  The  calculation  is  so  simple  that  it  is  unnecessary  to  give  an 
example. 

In  the  above  manner  one  determines  the  total  quantity  of  phosphoric 
acid  in  the  urine.  If  we  wish  to  know  the  phosphoric  acid  combined  with 
alkaline  earths  or  with  alkalies,  we  first  determine  the  total  phosphoric 
acid  in  a  portion  of  the  urine  and  then  remove  the  earthy  phosphates  in 
another  portion  by  ammonia.  The  precipitate  is  collected  on  a  filter, 
washed,  transferred  into  a  beaker  with  water,  treated  with  acetic  acid,  and 
dissolved  by  warming.  This  solution  is  now  diluted  to  50  c.  c.  with  water, 
and  5  c.  c.  sodium-acetate  solution  added,  and  titrated  with  uranium  solu- 
tion.   The  difference  between  the  two  determinations  gives  the  quantity 
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of  phosphoric  acid  combined  with  the  alkalies.  The  results  obtained  are 
not  quite  accurate,  as  a  partial  transformation  of  the  monophosphates  of 
the  alkaline  parti,  En  caleium  diphosphate  into  triphosphates  of  the 

alkaline  cuitIis  and  ammonium  phosphate  takes  place  on  precipitating  with 
ammonia,  and  the  method  gives  too  high  results  for  the  phosphoric  acid 
combined  with  alkalies  and  remaining  in  solution. 


Sulphates.  The  sulphuric  acid  of  the  urine  originates  only  to  a  very 
small  extent  from  the  sulphates  <>f  the  food.  A  disproportionately  greater 
part  is  formed  by  the  burning  within  the  body  of  the  protcids  which  contain 
sulphur,  and  it  is  chiefly  this  formation  of  sulphuric  acid  from  the  protcids 
which  gives  rise  to  the  previously  mentioned  excess  of  a-  r  the  basra 

in  the  urine.  The  quantity  of  sulphuric  acid  eliminated  by  the  urine 
amounts  to  about  '2.5  grams  11,80,  per  day.  As  the  sulphuric  acid  chiefly 
originates  from  the  protcids,  it  follows  that  the  elimination  of  sulphuric 
acid  and  the  elimination  of  nitrogen  runs  nearly  parallel,  and  the  relation- 
ship N:  HrSD4  is  about  5:1.  A  complete  parallelism  can  hardly  be  ex- 
pected, as  in  the  first  plate  a  part  of  the  sulphur  is  ah-  minated  a» 
neutral  sulphur,  and  secondly,  because  the  small  proportion  of  sulphur  in 
different  proteid  bodies  Undergoes  greater  variation  as  compared  with  the 
large  proportion  of  nitrogen  contained  therein.  In  general  the  relationship 
between  the  elimination  of  nitrogen  and  sulphuric  arid  under  normal  aad 
under  diseased  conditions  runs  rather  parallel.  Sulphuric  acid  occurs  in  the 
urine  partly  preformed  (sulphate-sulphuric  acid)  and  partly  as  ethereal- 
sulphuric  acid.  The  first  is  designated  as  A-  and  the  other  as  ^-sulphuric 
■rid. 

The  quantity  of  total  sulphuric  acid  is  determined  in  the  following  way. 
but  at  the  same  time  the  precautions  described  in  other  v. 
observed:  100  c.  c.  of  filtered  urine  is  treated  with  5  c.  c  of  concentrated 
hydrochloric  acid  and  boiled  for  fifteen  minutes.  While  boiling 
with  2  0.  0.  Of  a  saturated  BaCl3  solution,  and  warm  for  a  little  whilf  until 
the  barium  sulphate  has  completely  settled.  The  precipitate  rmist  then  be 
Washed  with  water  and  also  with  alcohol  and  ether  (to  remove  resinous 
substances),  and  then  treated  according  to  the  usual  method. 

The  separate  determination  of  the  sulphate-sulphuric  acid  and  tl 
ethereal-sulphuric  acid   may   be  accomplished,  according    to    B> 
method,  by  ftrsi  precipitating  the  sulphate-sulphuric  arid  by  Bal ' 
the  uriiip  acidified   with   acetic    acid,  hereal->ni 

phuric  acid  by  boiling  after  the  addition  of  hydrochloric  acid,  and  finally 
determining  the  sulphuric  acid  set  free  as  barium  sulphate.     A  still  betwr 
od  Is  the  following,  suggested  by  S  O:1 

200  c.  c.  of  urine  is  precipitated  by  an  equal  volume  of  a  barium  solution 
which  consists  of  2  vols,  barium  hydrate  and  1  vol.  bariun  solu- 

tion, both  saturated  at  the  ordinary  temjjerature.     Filter  through  a  dry 
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fi  ter,  measure  off  100  c.  c.  of  the  filtrate  which  contains  only  the  ethereal- 
sulphuric  acid,  treat  with  10  c.  c.  of  hydrochloric  acid  of  a  specific  gravity 
1.12.  boil  for  fifteen  minutes,  and  then  warm  on  the  water-bath  until  the 
pniipitate  has  completely  settled  and  the  supernatant  liquid  is  entirely 
clear.  Filter  and  wash  with  warm  water,  and  with  alcohol  and  ether,  and 
■ed  according  to  the  generally  prescribed  method.  The  difference 
between  the  ethereal-sulphuric  acid  found  arid  the  total  quantity  of  sulphuric 
■aid  M  determined  in  a  special  portion  of  urine  is  taken  to  be  the  quantity 
Of  .-ulphate-sulphuric  acid. 

Nitrates  occur  in  small  quantities  in  human  urine  (ScnfwBETv),  and  they 
probably  originate  from  the  drinking-water  and  the  food.  According  to  Wbyl 
and  CrrBOH,  the  quantity  of  nitrates  is  smallest  with  a  meat  diet  and  greatest 
with  vegetable  food.    The  average  amount  is  about  42.5  milligrams  per  litn-. 

Potassium  and  Sodium.  The  quantity  of  these  bodies  eliminated  by  the 
urine  by  a  healthy  full-grown  person  on  a  mixed  diet  is,  according  to  Sai.- 
kowski,*  3-4  grams  K,0  and  5-6  grams  Na,0,  with  an  average  of  about 
2-3  prams  K,()  and  -1-6  grams  Na,0.  The  proportion  of  K  to  Na  is  ordi- 
narily as  3:5.  The  quantity  depends  al>ove  all  upon  the  food.  In  starva- 
tion the  urine  may  become  richer  in  potassium  than  in  sodium,  which 
results  from  the  lack  of  common  salt  and  the  destruction  of  tissue  rich  in 
potassium.  The  quantity  of  potassium  may  be  relatively  increased  during 
fever,  while  after  the  crisis  the  reverse  is  the  case. 

The  quantitative  estimation  of  these  bodies  is  performed  by  the  gravi- 
metric methods  as  described  in  works  on  quantitative  analysis.  In  the 
determination  of  the  total  alkalies  recently  new  methods  have  been  de- 
vised by  I'riuram  and  Qrsgob,  and  for  the  potassium  alone  a  method  by 
Actenrieth  and  Bernheim.* 

Ammonia.  Some  ammonia  is  habitually  found  in  human  urine  and  in 
that  of  carnivora.  As  above  stated  (page  470),  on  the  formation  of  urea 
from  ammonia,  this  quantity  may  represent  the  small  amount  of  ammonia 
which,  because  of  the  excess  of  acids  formed  by  combustion,  as  coin- 
pared  with  the  fixed  alkalies,  is  united  with  such  acids,  and  in  this  way 
is  excluded  from  the  synthesis  to  urea.  This  view  is  confirmed  by  the 
observations  of  Goran-da,  who  found  that  the  elimination  of  ammonia  was 
smaller  on  a  vegetable  diet  and  larger  on  a  rich  meat  diet  than  on  a  mixed 
diet.  On  a  mixed  diet  the  average  amount  of  ammonia  eliminated  by 
the  urine  is  about 0.7 gram  NH,  per  day  (Neubauer)  and  4.6-5.6  percent 
of  the  total  nitrogen  of  the  urine  according  to  Camereb,  Jr. 

As  above  stated,  all  the  ammonia  of  the  urine  is  not  represented  by 
the  residue  which  has  eluded  synthesis  into  urea  by  neutralization  with 

1  Schonbein,  Joum.  f.  prakt.  Chera.,  92;    Weyl,  Virchow's  Arch.,  90,  with  Citron, 

Qnd  ,101. 

» Ibid.,  53. 

'  Pribram  and  Gregor,  Zeitachr.  f.  analyt.  Chem.,  38;  Autenrieth  and  Bernheim, 
Eeitachr.  f.  physioL  Chem.,  87. 
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acids,  because,  as  shown  by  STADEUiAyN  and  Beckicavn,1  ammonia  is 
eliminated  by  the  urine  even  during  the  continuous  administration  of  filed 
alkalies. 

Ammonia  exists  on  an  average  of  about  0.96  milligram  in  100  c.  c.  of 
human  blood,  and  in  different  amounts  in  all  the  tissues  thus  far  investi- 
gated.' According  to  Nkncki  and  Zaleski  •  it  is  abundantly  formed 
in  the  cells  of  the  digestive  glands,  the  stomach,  the  pancreas,  and  the 
intestinal  mucosa  (of  dogs)  at  the  time  when  proteid  foods  are  being  digested 
and  transported  to  the  liver.  As  the  ammonia  introduced  into  the  liver  is 
transformed  into  urea  (see  above),  we  can  therefore  expect  that  in  certain 
diseases  of  the  liver  an  increased  elimination  of  ammonia  and  a  decreased 
excretion  of  urea  will  occur.  In  how  far  this  is  true  has  already  been 
stated  (page  473),  and  we  refer  to  the  researches  of  the  various  authors 
there  cited. 

In  man  and  carnivora  the  elimination  of  ammonia  is  increased  by  the 
introduction  of  mineral  acids;  and,  as  shown  by  Jolix,  organic  acids  such 
as  benzoic  acid,  which  are  not  destroyed  in  the  body,  act  in  a  similar 
manner.  The  ammonia  set  free  in  the  proteid  destruction  is  in  part  used 
in  the  neutralization  of  the  acids  introduced,  and  in  this  way  a  destructive 
removal  of  fixed  alkalies  is  prevented.  Herbivora,  on  the  contrary,  lack 
this  property  or  have  it  only  to  a  slight  extent  (Winterberq  *).  In  then 
the  acids  introduced  are  neutralized  by  fixed  alkalies;  hence  the  introduc- 
tion of  mineral  acids  soon  causes  a  destructive  action  on  this  account. 

Acids  formed  in  the  destruction  of  proteids  in  the  body  act  on  the  elim- 
ination of  ammonia  like  those  introduced  from  without.  For  this  reason 
the  quantity  of  ammonia  in  human  and  carnivora  urine  is  increased  under 
such  conditions  and  in  such  diseases  where  an  increased  formation  of  acid 
takes  place  because  of  an  increased  metabolism  of  proteids.  This  is  the 
case  with  a  lack  of  oxygen  in  fevers  and  diabetes.  In  the  last-mentioned 
disease  organic  acids,  ^-oxybutyric  acid  and  acetoacetic  acid,  are  produced, 
which  pass  into  the  urine  combined  with  ammonia.* 

The  detection  and  quantitative  estimation  of  ammonia  used  to  be  performed 
according  to  the  method  suggested  by  Sch  <>sing.     The  principle  of  this  method 

1  Coranda,  Arch.  f.  exp.  Path.  u.  Pharm.,  IS;  .Stadelmann  (and  Beckmann),  "Ein- 
fluas  der  Alkalien  auf  den  Stoffwechsel,"  etc.  Stuttgart,  1890;  Camerer,  Zeitschr.  L 
Biologie,  43. 

'See  Salaskin,  Zeitachr.  f.  physio!.  Chera.,  25,  449,  and  foot-note  4,  page  202,  tad 
foot-note  1 ,  page  203. 

1  Arch,  des  science  biol.  do  St.  Petersbourg,  4,  and  Salaskin,  1.  c.  See  also  Neacki 
and  Zaleski,  Arch.  f.  exp.  Path.  u.  Pharm.,  87,  and  foot-note  2.  page  348. 

*Jo!in,  Skand.  Arch.  f.  Physiol.,  1;  Winterberg.  Zeitachr.  f.  pbysiol.  Cbetn,  t* 
In  regard  to  the  behavior  of  ammonium  salts  in  the  animal  body,  see  Rumpf  sod 
Kleine.  Zeitschr.  f.  Biologie,  34,  and  the  works  cited  on  page  470. 

'On  the  elimination  of  ammonia  in  disease,  see  the  recent  works  of  Rumpf,  Vir> 
chow's  Arch.,  143;  Hallervorden,  ibid. 
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is  that  the  ammonia  from  a  measured  amount  nf  mine  is  set  free  bv  lime-water 
in  a  closed  vessel  and  absorbed  by  a  measured  amount  of  V  in  sulphuric  add 
After  (he  absorption  of  the  ammonia  the  quantity  is  determined  by  titrating  the 
rambling  free,  sulphuric  acid  with  a  N710  caustic  alkali  solution.  This  method 
low  results,  and  in  exact  work  we  must  proceed  as  suggested  by  Bohland.1 

The  recent  methods  for  estimating  the  ammonia  are  all  based  upon  the 

illation  of  the  ammonia,  alt  addition  of  lime,  mugiwrfl  or  alkali 

carl.  low  temperatures  cither  by  the  aid  of  vacuum  (Nevcki  and 

Wurstkr.  KhCgbh  and  Rkmh  and  Schittknhei.m,  Schaffer) 

or  by  the  aid  of  a  current  of  air  (Folin)  and  then  collecting  it  in  a  standard 

Mid. 

According  to  the  methods  suggested  by  Kkihji.h.  Reich  and  Schitten- 
HELM  1  25  C.  C  of  the  urine  are  plaeed  in  a  disiillat.ion-fla.sk  wiih  about  10 
grams  of  NaCl  and  I  grain  of  Xa,C()3  and  this  distilled  at  43° C.  and  a 
pressure  of  30-40  milligrams  Hg  with  thfl  aid  Of  an  air-pump.  All 
is  added  to  prevent  foaming.  The  ammonia  is  absorbed  in  N/10  acid 
lined  in  a  PblIGOT's  tube,  surrounded  by  ice-water,  and  when  the 
distillation  k  finished  the  acid  is  retitrated,  making  use  of  rosolic  acid  as 
the  indicator.  In  regard  to  details,  see  the  original  publications. 
BcBAVnB*fl  method  is  practically  the  same. 

Calcium  and  magnesium  occur  in  the  urine  for  the  most  part  as  phos- 
phates.   The  quantity  of  earthy  phosphates  eliminated  daily  is  somewhat 
than  1  gram,  and  of  •  fUnt  J  is  magnesium  and  5  ealciurn  phos- 

phate.    Tn  acid  urines  the  mono-  as  well  as  the  <li  hydrogen  earthy  phos- 
phates are  found,  and  the  solubility  of  the  first,  among  which  tha  calcium 
salt   CaHPO,  is  especially   [naotuble,   Is    particularly    augmented   by    the 
presence  in  the  urine  of  di-hydrogen  alkali  phosphates  and  Bodium  chloride 
(Ott  ').    The  quantity  of  alkaline  earths  in  the  urine  depends  on  the 
composition  of  the  food.     The  lime  salts  absorbed  are  in  great  pari 
:  again  into  the  intestine,  and  the  quantity  of  lime  salts  in  the  uri 
therefore  no  measure  of  the  absorption  of  the  same.    The  introduction  of 
readily  soluble  lime  salts  or  the  addition  of  hydrochloric  acid  to  the 
may  therefore  cause  an  increase  in  the  quantity  of  lime  in  th<>  urine,  while 
tha  reverse  takes  place  on  adding  alkali  phosphate  to  the  food.    Nothing 
is  known  with  positivencss  in  regard  to  the  constant  and  regular  chare 
the  elimination  of  calcium  and  magnesium  salts  in  disease,  and  in  these 
conditions  the  excretion  is  chiefly  dependent  upon  the  diet,  the  formation 
and  the  introduction  of  a- 

The  quantity  of  calcium  and  magnesium  is  determined  according  to  the 
ordinary  well-known  methods. 

Iron  occurs  in  the  urine  only  in  small  quantities,  and,  as  it  seems  from  the 
investigations  of  Kunkel,  Giacosa,  Kobekt  and  his  pupils,  it  does  not  exist 

•  Pfluger'a  Arch.,  43,  32. 

'  Zeitachr.  f.  physiol.  Chem.,  39;  Schaffer,  Amer.  Journ.  of  Physiol.,  8,  which  con- 
tains the  litem  t 

»  Zeitachr.  f.  physiol.  Chem.,  10. 
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as  a  salt,  but  as  an  organic  combination — in  part  a*  pigment  or  chrnmogen.    The 
eoUDta  in  regard  to  the  iron  present  w*m  to  show  that  the  quantity  is  very 
variable,  from  1  to  11  milligrams  per  liter  of  urin.   Mac  if,  Robot 

ipils) .  Jolles  found  as  an  average  for  twelve  persons  8  milligrams  of  iron 
In  twenty-four  hours,  while  Hokkmaxx.  Nkcmann  and  Match1  find  lower  re- 
sults, an  average  of  1.02  and  0.063  milligrams.  The  quantity  Of  silicic  and  is 
ordinarily  stated  to  amount  to  about  0.03  p.  m.  Traces  of  hydrogen  peroxide  alio 
occur  in  the  urine. 

The  gases  of  the  urine  are  carbon  dioxide,  nitrogen,  and  traces  of  oxy- 
gen. The  quantity  of  nitrogen  is  not  quite  1  vol.  per  cent.  The  carbon 
dioxide  varies  considerably.  In  acid  urines  it  is  hardly  one  half  as  great 
as  in  neutral  or  alkaline  urines. 


IV.  The  Quantity  ami   Quantitative  Couipositiou  of  L'rine. 

v  and  COnipoeiUoo   of  urine  is  liable  to  great  variation. 
The  circumst  hich  una  -'logical  conditions  exercise  a  great 

influence  are  the  following:    tin-  blood-pressure,  and  the  m 
blood-current    in    the   glomeruli;     the  quantity  of   urinary   00 
especially  water  in  the  blood;    and,  lastly,  the  condition  of  the  secretory 
glandular  elements.    Above  all.   the  quantity  and  concentration  of  the 
urine  depend  on  the  quantity  of  water  which  ia  introduced  into  the  blood  or 
which  leaves  the  I  ther  ways.    The  excretion  of  'trine  ;  ted  by 

drinking  freely  or  by  reducing  the  quantity  of  water  otherwise 
and  it  is  decreased    by  a  diminished    ingestion  of   water  or  by  a  greater 

i if  water  in  other  ways.     Ordinarily  in  man  just  as  much  water 
eliminated  by  the  kidneys  as  by  the  skin,  lungs,  and  intestine  tog 
At  lower  temperatures  ami  in  moist  air,  since  under  these  in  the 

elimination  of  water  by  the  .skin  i-<  diminished,  the  excretion  of  urine  may 

nnsiderably  increased.  Diminished  introduction  of  water  or  increased 
elimination  of  water  by  other  ways — as  in  violent  diarrhoea  or  vomiting,  or 
in  profuse  perspiration— greatly  diminishes  the  amount  of  urine  excreted. 
For  example,  the  urine  may  sink  as  low  as  500-400  c  e.  j»er  day  in  intense 
summer  heat,  while  after  copious  draughts  of  water  ion 

3000  0.  c.  of  urine  has  been  observed  during  the  same  time.    The  qu 
of  urine  voided  in  the   course  of  twenty-four  noun  varies  coi 
from  day  to  day.  the  average  being  ordinarily  calculated  as  1500  c.  c.  f 
healthy  adult  men  and  1200  c.  c.  for  women.    The  minimum  e! 

ts  during  the  early  morning,  between  2  and  1  o'clock;  the  maximum, 
in  the  first  hours  after  waking  and  from  1-2  hours  after  a  meal. 
quantity  of  solids  excreted  per  day  is  nearly  constant,  e 


'  Kvinkel.  cited  (mm  Maly'a  Jahreeber.,  11;    Giacoaa.  ibid.,  1G;    Robert, 
dm  Phann.  Instit.  *u  Dorpat,  7;    Magnicr.  Bcr.  d.  deutach.  chem.  OeseUsc) 
lieb.  Arch.  f.  ox  p.  Path.  u.  Phann.,  28;  JohVs*.  Zcitachr.  f.  anal.  Chem.,  36;   Hoffmann, 
Ik  i   unalvt.  Chem.,  40;  Neumann  and  Mayer,  ZeHachr.  f.  physioL  Chem. 
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le  quantity  of  urine  may  vary,  an.l  it  fa  auHfl  constant  when  the  manner 
of  livirur  u  regular.  Therefore  the  percentage  of  solids  in  the  urine  is 
naturally  in  inverse  proportion  to  the  quantity  of  urine.  The  average 
amount  of  solids  per  twenty-four  hours  is  calculated  as  60  gram  The 
quantity  may  be  calculated  with  approximate  accuracy  by  meant  of  the 
gravity  if  the  second  and  third  decimals  of  this  factor  be  mul- 
d    by    Haser's    coefficient,    2.33.     The   product    v:  amount 

lids  in  1000  I  .  and  if  the  quantity  of  urine  riiminatt 

twenty-four  hours  be  measure"  1,  the  quantity  of  solids  in  twenty-four  hours 
may  be  easily  calculated.     For  example,   1050  ft.  c.  of  urine  of  I 
gravity  1.021  was  eliminated  in  twenty-four  hours;  tberafon 

of  solids   excreted   was   21X2.33=48.9   and   <<S^*1.a5?«51.35   grams. 

Long  *  has  made  a  new  determination  of  the  roe!  '<•  Kravity 

taken  at  25°  C.  and  finds  tl.it  ■  'J.ti.  which  corresponds  nearly 

to  Haser's  coefficient  at  1".J  ('. 

Those  bodies  Which,  under  physiological  conditions,  affect  the  density 
of  the  urine  are  oommoD  salt  and  urea.    The  specific  gravity  of  tb 
2.15  and  the  last  only  I      "  it  Kb  easy  to  understand,  when  the  relative 

proportion  of  these  two  bodies  essentially  deviates  from  the  normal,  why 
the  above  calculation  from  the  specific  gravity  is  not  exact.     The  same  is 
true  when  a  urine  poor  in  normal  constituents  contains  large  amount 
foreign  bodies,  men  u  albumin  or  sugar. 

As  above  stated,  the  percentage  of  solids  in  the  urine  gi  decreases 

with   a  greater  elimination,  and  a  very  considerable  excretion  of  urine 
(polyuria)  has  therefore,  as  a  rule,  a  lower  specific  gravity.     Ati  bnpoa 
exception  to  this  rule  is  observed  in  urine  containing  BUgar  '  inlli- 

tus),  in  which  there  is  a  copious  excretion  with  a  very  high  specific  gravity 
due  to  the  sugar.  In  cases  where  very  little  urine  is  excreted  (oliguria), 
e.g.,  during  profuse  perspiration,  in  diarrhoea,  and  in  fevers,  the  specific- 
ity of  the  urine  is  as  a  rule  very  high;  the  percentage  of  sol 
high  and  the  urine  has  a  dark  color.  Sometimes,  as  for  example  in  certain 
cases  of  albuminuria,  the  urine  may  have  a  low  ipeoifio  gravity  notwith- 
standing the  oliguria,  and  be  poor  in  solids  and  >lor. 

In  certain  cases  it  is  interesting  to  know  the  relationship  between  the 
carbon  and    the    nitrogen,  or  the  quotient  0/N.    This   factor   may  vary 

sen  0.7—1;  as  a  rule,  it  amounts  on  an  average  to  0.87,  but  ohfl 
according  to  the  nature  of  the  food  and  is  higher  after  a  diet  rich  in  carbo- 
hydrates than  after  food  rich  in  fat  (.Soholz,  BoUUBABn,  1'ukgl,  Tav 

It  is  difficult  to  give  a  tabular  view  of  the  composition  uf  urine  qo 

'  Journ.  Amu  '"  .  -•"' 

1  Pregl.  Pflujcer's  Arch.,  75,  which  contain*  the  older  literature.     Tangl,  Arch,  f. 
(Anat.  u  .1  Physiol,  1899,  Suppl. 
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account  of  its  variation.  For  certain  purposes  the  following  table  may  be 
of  some  value,  but  it  must  not  he  overlooked  Unit  the  results  are  not  given 
for  1000  parts  of  urine,  hut  only  approximate  figures  for  the  cpiantities  of 
the  most  important  constituents  which  are  eliminated  during  the  course  of 
twenty-four  hours  in  a  volume  of  1500  c.  c.  of  urine. 

Daily  quantity  of  solids=  00  grms. 


Organic  conRtitucnts=3f5  grms. 

Urea 30.0  grins. 

Uric  add or    *  • 

tfttaiiM      l  .o    " 

Hippuric  acid 0.7     " 

Remaining  organic  bodies  . .     2.6    " 


Inorganic  ita=  25  grins. 

dium  chloride  (NaCl)  'gnne 

Sulphuric                             ...  2  5 

I'h  2.5 

Pol  3.3 
Ammonia  <  N'll.i    . 

Magnesi  05 

l.il.    : 

Kcmainiag  inorganic  bodies.  0.2 


Urine,  contains  on  an  average  40  p.  m.  solids.     The  quantity  of  ureal* 
about  20  p.  m.  and  common  salt  about  10  p.  m. 

The  physico-chemical  mcthcxls  arc  being  used  in  urinary  analysis  even 
to  a  greater  e&teBl  thAD  in  the  analysis  of  other  animal  fluids.    A  great 
number  of  cryoscopic  determination^  hut  fewer  conductivity  determine 
have  been  made.     A  BOBStanl    relationship  between   the  values  fnun-1  \>y 
physico-chemical  methods  and  the  an.  methods  has  been  BOO 

for  exam|ile.  between  the  fn-«-/.iin;-poiiit  depression  and  the  specific  gravity 
or  the  common  salt  and  others;  or  attempt*  have  been  made  to  find  certain 
regularities  in  the  composition  of  the  urine  based  upon  the  results  of  various 
methods,  and  in  this  way  to  obtain  an  explanation  as  to  nanism  of 

the  excretion  Of  urine  in  order  to  apply  them  for  diagnostic  purposes.  The 
results  obtained  are,  as  is  to  be  expected,  so  variable  and  d  ;  upon 

so  in  litions  which  cannot  be  controlled,  that  certain  < 

must  he  drawn  with  the  greatest  caution.  In  regard  to  the  value  and  u*- 
fulness  of  the  various  constants  :uid  relations,  whieh  are  based  upoo 
theoretical  considerations,  the  views  arc  unfortunately  still  too  d 


V,  Casual  Urinary  Constituents. 

The  casual  appearance  in  the  urine  of  medicinal  agents  or  of  urinary 
stituents  resulting  from  the  introduction  of  foreign  substances 
organism  is  of  practical  importance,  because  such  compounds  ma 
fere  in   certain  urinary  investigations;  they  also  afford  a  g.>od  met 
determining  whether    certain    substances    have    been    introduced    into  the 
organism  or  not.     From  this  point  of  view  a  few  of  these  bodies  will 
spoken  of  in  a  following  section  (on  the  pathological  urinary  constituent 
The  presence  of  these  foreign  bodies  in  the  urine  is  of  special  interest 
those  cases  in  which  tiny  serve  to  elucidate  the  chemical  tr 
which    certain    substances    undergo   within    the  organism.     As   inorganic 
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substances  generally  leave  the  body  unchanged,1  they  are  of  very  little 
interest  from  this  standpoint;  but  the  changes  which  certain  organic  sub- 
stances undergo  when  introduced  into  the  animal  body  may  thus  be  studied 
in  so  far  as  these  transformations  are  shown  by  the  urine. 

The  bodies  belonging  to  the  fatty  series  undergo,  though  not  without 
exceptions,  a  combustion  leading  towards  the  final  products  of  metab- 
olism; still,  often  a  greater  or  smaller  part  of  the  bodies  in  question  escape 
oxidation  and  appear  unchanged  in  the  urine.  A  part  of  the  acids  belong- 
ing to  this  series  which  are  otherwise  burnt  into  water  and  carbonates  and 
render  the  urine  neutral  or  alkaline  may  act  in  this  manner.  The  volatile 
fatty  acids  poor  in  carbon  are  less  easily  oxidized  than  those  rich  in  carbon, 
and  they  therefore  pass  unchanged  into  the  urine  in  large  amounts.  This 
is  especially  true  of  formic  and  acetic  acids  (Schotten,  Grehant  and 
Quinquaud8).  The  statements  in  regard  to  oxalic  acid  are  contradictory. 
In  birds,  according  to  Gaqlio  and  Giunti,  it  is  not  oxidized.  In  mammals 
it  is  in  great  part  oxidized,  according  to  Giunti,  while  Gaglio  and  Pohl 
claim  that  it  is  not  destroyed.  Marfori  and  Giunti  claim  that  in  human 
beings  oxalic  acid  is  in  great  part  oxidized,  although  the  recent  investiga- 
tions of  Salkowski,  Pierallini,  Stradomsky,  Klemperer  and  Trit- 
schler  *  seem  to  show  that  the  acid  is  only  in  part  destroyed  in  the  animal 
body.  In  order  to  exactly  determine  that  portion  of  the  ingested  oxalic 
acid  which  is  absorbed  and  excreted  by  the  urine  or  burnt  in  the  body,  t 
must  necessarily  be  known  whether  or  not  a  portion  of  the  acid  is  destroyed 
in  the  intestine  and  is  therefore  not  absorbed.  Tartaric  acids  act  differ- 
ently, according  to  Brion  ; 4  namely,  in  dogs  the  bevo-tartaric  acid  is  nearly 
entirely  consumed,  while  a  little  more  than  70  per  cent  of  dextro-tartaric 
acid  is  burnt.  Racemic  acid  is  oxidized  to  a  still  less  extent  in  the  animal 
body.  Succinic  and  malic  acids  are  completely  combustible,  according  to 
Pohl.'  Examples  of  the  different  behavior  of  stereoisomeric  substances 
have  already  been  given  on  page  88. 

The  acid  amides  appear  not  to  be  altered  in  the  body  (Schultzen  and 
Nencki  •).  A  small  part  of  the  amino  acids  seems  to  be  eliminated  un- 
changed, but  otherwise,  as  stated  above  (patre  469)  for    leucin,  glycocoU, 

*  In  regard  to  the  behavior  of  certain  of  these  bodies,  see  Heffter,  Die  Ausscheidung 
kdrperfremden  Substanzen  in  Harn,  Ergebnisae  d.  Physiol.,  2,  Abt.  I. 

'Schotten,  Zeitschr.  f.  physiol.  Chem.,  7;  Grehant  and  Quinquaud,  Compt.  rend., 
104. 

•Gaglio,  Arch.  f.  exp.  Path.  u.  Pharm.,  22;  Giunti,  Chem.  Centralbl.,  1897,  2; 
Marfori,  Maly's  Jahresber.,  20  and  27;  Pohl,  Arch.  f.  exp.  Path.  u.  Pharm.,  37;  Sal- 
kowBki,  Berl.  klin.  Wochenschr.,  1900;  Pierallini,  Virchow's  Arch.,  160;  Stradomsky, 
ibid.,  16S;   Klemperer  and  Tri tackier,  Zeitschr.  f.  klin.  Med.,  44. 

*  Zeitschr.  f.  physiol.  Chem.,  25. 

*  Pohl,  Arch.  f.  exp.  Path.  u.  Pharm.,  37,  which  also  contains  the  statements  on 
the  intermediary  products  formed  in  the  oxidation  of  the  fatty  bodies. 

*  Zeitschr.  f.  Biologie,  8. 
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and  aspartic  acid,  they  are  decomposed  within  the  body,  and  may  there- 
fore cause  an  increased  excretion  of  urea.  Sarcosin  (methylglycocol!), 
NH(CHj).CH,.CX)OII,  also  perhaps  passes  in  small  part  into  the  i 
sponding  uramino  acid,  mcthylhydantoic  acid,  XH2.CO.N(CHvlCII,.CO0H 
(Schultzen  !).  Likewise  taurin,  aminocthylsulphonic  acid,  which  Kb 
what  differently  in  different  animals  (Salkowskj  *),  passes  in  human 
beings,  at  least  in  part,  into  the  corresponding  uramino  acid,  tauro- 
carlximir  acid,  NTH,.CO.NH.Cjn,.S03.OH.  A  part  of  the  taurin  also 
appears  as  such  in  the  urine.     In  rabbits,  when  taurin  is  i.\  I  into 

(he  stomach  nearly  all  its  sulphur  appears  in  the  urine  as  sulphuric  and 
hyposuljihurous  acids.  After  subcutaneous  injection  the  taurin  appears 
again  in  great  part  unchanged  in  the  urine. 

The  nitrites,  including  hydrocyanic  anil,  pan,  according  to  Lam 
sulphocyanidc  combinations,  and  this  sulphoryanidc  apparently  originate! 
from  the  non-oxidized  sulphur  of  the  proteids,  which  is  readily  split  <iff. 
PaBCHSUES'  observations  indicate  that,  in  an  alkaline  reaction  and  el 
temperature  of  tin  body,  this  sulphur  can  convert  the  alkali-ryankia 
ily  into  sulphor.yanides.  The  alkali  sulphocyanidcs  when  ingested 
are  nearly  quantitatively  eliminated  in  the  urine,  according  to  Pollak.' 

substitution  with  halogens,  bodies  otherwise  readily  oxidizable  are 
converted  into  difficultly  oxidizable  ones.  While  the  aldehydes  are  rcadUj 
and  completely  burnt  like  the  primary  and  secondary  alcohols  of  the 
series,  the  halogen  substituted  aldehydes  and  :d.  oholx  are,  on  (he  contrary, 
difficultly  oxidizable.  The  halogen  substitution  products  of  methane 
(chloroform,  iodoform,  and  bromoform)  are  at  least  in  part  burnt,  and 
corresponding  alkali  combination  of  the  halogen  passes  into  the  mil 

My  coupling  with  sulphuric  add,  the  alcohols  which  are  otherwise  readily 
oxidizable  may  be  guarded  against  combust  i  consequently  the  alkali 

salt  of  ethylsulphuric  acid  is  not  burnt  in  the  bodj  i  *). 

The  organic  combinations  containing  sulphur  art  what  differ 

W   Smith  states  that  the  sulphur  of   the  thio  acids  like  t hi  add, 

CHj.SH.COOII,  is  in  part  oxidized  to  sulphuric  acid,  and  aecordi 
Goldmann    the    same  result  occurs  with  aminothiolactic  acid  (cystdu) 
and  the    sulphur    of    the   thio    alcohols   (ethyl    mcrcaptans).      On  the 
contrary]  ethylsulpbide,  rolphonic  and  sulpho  acids  in  general  (Saucot 

1  I^r.  il.  dr^itsch.  chem   Oeeellsch.,  5.     See  also  Baumann  arnl 
6S4,  and  E.  Salkowaki,  Zeitschr.  f.  phyaiol.  Chem.,  4,  107. 

*  Bcr.  d.  deutsch.  chem.  Geeellsch.,  fl,  and  Yirchow'a  Arch 

'Lang.  Arch.  f.  exp.  Path.  u.  Pharm.,  34;  Pascheles,  ibid.;  Pollak,  Hof master 'i 
Beitrage,  2. 

4  See  Haraack  and  (irundler,  Berlin,  klin.  Wochenschr.,  1883;  Zeller,  Zeitschr  I 
physiol.  Chem.,  8;  Rast,  ibid.,  11;  Binz,  Arch.  f.  exp.  Path.  u.  Pharm,,  28;  ZeebuxKO* 
Maly'n  Jahre.*l>er.,  23. 

1  Pfliiger's  Arch.,  4. 
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B  ')  are  not  changed  into  sulphuric  acid.    Oxyethylsulphnnic   acid, 
IIO.C,H4.S03.()H.  which  is  in  part  oxidized  to  sulphuric  acid,  is  an  < 
tion  (SALKOOTBKl). 

th  glucuronic  a  n,  a<  ...rding  to  the  investigations 

of  Sumjvik  and  especially  of  0.  NSBBATOB,  in  many  substituted  as  well 
a^  non--uhstituted  alcohols,  aldehydes,  and  ketones.  Chloral  hydrate, 
0,01,011  f  11,0,  passes,  after  it  has  been  converted  into  triehlorethyl- 
tloobol  by  a  reduction,  into  a  hBvogyrate  reducing  acid,  urockU/raUt 

or  trichlnrethyl-glucuroriic  and,  (  ,( 'l,H:.t  ,11  _( ).  (Must  i  i,r>  and  v.Mkkino). 
Of  the  primacy  alcohols  invest  (gated  by  \Ki'i;.\n;i;  :  (upon  rabbits  and 
dogs)  methyl  alcohol  gave  no  Conjugated  glucuronic  acid  and  ethyl  al 
only  a  small  amount,  Isohutyl  alcohol  aial  active  amyl  alcohol  jrielded 
relatively  large  quantities.  Secondary  alcohols  produce  1  > 
tome  adds,  sod  indeed  to  a  greater  extent  than  the  primacy  alcohols,  espe- 
cially in  rabbits.  The  ketones  are  reduced  in  part  into  secondary  alcohols 
and  are  partly  excreted  as  the  conjugated  acid.  This  could  be  shown 
for  acetone  with  rabbits  but  not  with  dogs. 

The  homo- and  heterocyclic  compounds  pass,  as  far  as  is  known,  into 
urine  as  such,  or,  after  a  previous  partial  oxidation  or  synthesis  with 
other  bodies,  they  appear  as   so-called  aromatic  compo  That   the 

benzene  ring  is  destroyed  in  the  body  in  certain  08888  DB  very  probable. 

The  fact  that  benzene  may  be  oxidized  outside  of  the  body  into  carbon 
dioxide,  oxalic  acid,  and  volatile  fatty  acids  has  been  known  for  a  long 
time;  and  as  in  these  cases  a  rupture  of  the  benzene  ring  must  take  place, 
so  also,  it  must  be  admitted,  when  aromatic  substances  undergo  a  com- 
be animal  body,  a  splitting  of  the  benzene  nucleus  with  the 
formation  of  fatty  bodies  must  be  the  result.  If  this  does  not  occur, 
then  the  benzene  nucleus  is  eliminated  with  the  urine  as  an  aromatic  eom- 
binai  iT  another.     As  the  benzene  nucleus  can  protect  from 

destruction  a  substance  belonging  to  the  fatty  series  when  conjugated  with 
it.  which  Ls  the  Case  with  the  j-dycocoll  of  hippuric  acid,  it  seems  also  that 
the  aromatic  nucleus  itself  may  be  protected  from  oxidation  in  the  organ- 
ism by  syntheses  with  other  bodies.    The  aromatic  ethereal -sulphuric 
are  examples  of  this  kind. 

The  difficulty  in  deciding  whether  the  benzene  ring  itself  is  destroyed  in 
the  body  lies  in  the  fact  that  we  do  not  know  all  the  different  aromatic 
transformation  products  which   may  be  produced  by   the  introduction  of 


1  Hniitb,  Pfliigcru  Arch.,  53,  55.  57,  and  Zeitschr.  f.  phvsiol.  Chrrn..  17;  Salkowski, 
Virchow's  Arch..  66;  Pfliiger's  Arch.,  39;  Goldmann,  Zeitachr.  f.  phy»iol.  Chern.,  tt; 
also  Baurnann  and  Kant,  ibid.,  14. 

1  Sundvik,  Maly's  Jahresher.,  16;  Musculus  and  v.  Mering,  Ber.  d.  deutsch.  rhem. 
GcvdUch.,  8;  also  v.  Mering,  ibid.,  15,  Zeitschr.  f.  physiol.  Chem  ,  6;  Kula,  Pflugcr'» 
Arch..  iS  and  33;  O.  Neubauer,  Arch.  f.  exp.  Path.  u.  Phami..  46. 
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any  such  substance  into  the  organism,  and  which  must  be  sought  for  in 
the  urine.  On  this  account  it  is  also  impossible  to  learn  by  exact  quanti- 
i.nnr  determinations  whether  or  not  an  aromatic  substance  u. grated 
or  absorbed  appears  again  unchanged  in  the  urine.  Certain  observa- 
render  it  probable  that  the  benzene  ring,  as  above  mentioned,  is  at 
leMt  in  certain  cases  destroyed  in  the  body.  SgHOTCTN,  Bavma.n: 
others  have  found  that  certain  amino  acid  ,  uch  an  phenylctmino-propionic 
acid  and  aminn-cinnam'ur  acid,  and  tyrasin  when  ittti  body 

cause   no  increase   in    the  quantity  of   known    aromatic  substa;  < 
urine;  this  makes  a  destruction  of  these  amino  acids  in  the  animal 

probable.    Jul  u  pa  also  made  experiments  on  dogs   with  jJukaiic 
and  found  that  it  was  in  great  part  destroyed.      Tbe  benzene  deriv- 
atives vary  in  behavior  BOOOlding  to  the  position  of  the  substitution,  for  as 
found  by  R.  (John,1  among  the  di-derivates  the  ortho  romp. muds  are  more 
readily  destroyed  than  the  corresponding  meta  or  para  compound 

An  oxidation  in  the  side  chain  of  aromatic  compounds  is  often  found, 
and  ■  occur  in  the  nucleus  itself.     As  an  example,  benzene  is  first 

oxidised  to  oxy  benzene.  (Sgbuuezen  and  Naunyx),  and  this  is  then  fa 

in    part,    oxidised    into    dioxybenzenes    (BaUUAKN    and    Pni  i 
thalcne  appears  to  be  converted  into  orynaphlhalene,  and  probably  a  part 
aho  into  dioxynaphthalmu  (Luvox  and  M.  Nencki).    Tne  I        ■  irhon 
with  an  amino  or  imino  group  may  also  be  oxidized  by  a  substitute 
hydroxy]  for  hydrogen,  especially  when  the  formation  of  a  derivati 
thfl    para    position    is    possible    (Klin^knukku).     For    example,    anQinr, 
OjHj.N'II,.  passes  into  paraminopheuol,  which  latter  passes  into  tttfi  urine  w 

fctphurio  acid,  H,\.C,8Hl.o.S( )a.0H  (I'.  Mru.F.n).  I 
In  part  converted  into  acetyl  paraminophenol  (.Iaffe  and  H. 
Morner)  and  carbazol  into  oxycarba/.ol  (KlinGENBEBQ  *). 

An  oxidation  of  the  side,  chain  may  occur  by  the  hydrogen  atoms  being 
replaced  fay  hydroxy!  as  in  the  oxidation  of  indol  and  skatol  into  indoxyl 
and  akatoxyl.     An  oxidation  of  the  side  chain  may  also  take  place  with 

tt of  r.'irboxyl J   thus,  for  example  .    ■   B  v  and 

Nat  wN'i,  >th;il  henzene,  CjH^.CjH,,  an-i 
and  (Jiaoosa'),  besides  many  othel  .  are  oxidized  into  acid. 

'  Si  vitschr.  f  phyaiol.  Chem.,  7  and  8;  llaumann.  ibid  .  16,  180      In 

to  the  behavior  of  tyroain,  see  especially  Wendermann,  ibid.,  6;    Schottcn,  . 
Boa,  ibid  .11;  and  H.  Cohu.  ibid.,  11.  17;  Juvalta,  ibid  .  II 

;.ultzcn  and  Naunyn.  iod'l  Arch.,  1867;  liaut 

and  Pfwiiwa,  Zeitscbr.  f.  \>\v       I    I  hi  ED     ::    166      See  also  Nencki  and  Giacoaa,  6 
Lraik  ujid  N'i'  Path,  u    Pbarm.,  84;    I  ,  Deutach.  mei 

iir.,  1887;  JaftV-  sad  BUbert,  Zdtscbr    f   phj 
13;     Klingenberg,    "Studien    flbor   die   Oxydation    aromatisrhr-r    SubstAnzen,"    etc 
Innug.-Dias.     Iloatock,   1891.     In  regard  to   formanilid,  which    acts    e> 
acetanilid,  ace  Kleine,  Zeitschr.  f.  phyniol    Chem  ,  -- 

1 /**&,! 
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Cymcru  \b  oxidized  to  cumic  acid,  xylene  to  toluic  acid,  methyl  pyridine  to 
pyridine-carhonie  acid  in  the  same  way.  If  the  side  chain  has  several 
members,  the  behavior  is  somewhat  different.  Phrn>jlacctic  acid,  C0H,. 
CILCOOII,  in  which  only  one  carbon  atom  exists  between  the  benzene 
is  ami  the  carboxyl,  ia  not  oxidized  but  is  eliminated  after  conjuga- 
tion with  glycocoll  as  phenaccturic  acid  (SALKOWHd  ').  Phenylpropionic 
1  H  I  '  '     i    with  two  carbon  atoms  between  the  benzene 

nucleus  and  the  carboxyl,  is,  on  the  contrary,  oxidized  into  benzoic  m 
Aromatic  amino  acids  with  three  carbon  atoms  in  the  side  chain,  and 
in  which  the  XIIa  group  is  bound  to  the  middle  one,  as  in  tyrosin, 
a-oxyphcnylnminopropionic  acid,  C(,II1(OH).CHrCH(NII2).a)UH,  and 
tgmin&pfOpiemie  actrf,CBll8.CII,.CH(NHj).0OOH,seem  to  be  in  great 
part  burnt  within  the  body  (see  above).  Pkenylaminoacetic  acid,  which 
has  only  two  carbon  atoms  in  the  side  chain,  C«Hi.CII(NH2)C0n]|. 
acts  differently,  passing  into  manddic  acid,  phenvlglycolic 
C,HS.C1[(()H).COOH  (Schottex  •). 

If  several  side  chains  are  present  in  the  benzene  nucleus,  then  only  one 

is  always  oxidized  into  carboxyl.     Thus  xylene,  C^H^CH^,  Is  oxidized 

foime  acid,  C„H,(CH,)COOH  (SuHUUESBN  and  Naunyn),  mesitylene, 

CH^aTOi,   into  mesitylenic  acid,  Q,Ha(CH,)2.CO0H  (L.   Xexcki),   and 

cymene  into  cumic  acid  (M.  Xencki  and  Zikgler  *). 

Syntheses  of  aromatic  substances  with  other  atomic  groups  occur  fre- 
quently. To  these  syntheses  belongs,  in  the  first  place,  the  conjugation  of 
benzoic  acid  with  glycocoll  to  form  hippuric  acid,  first  discovered  by  W5B- 
UEft.     All    the   numerous   aromatic   substances   which    ai  rted    into 

benzoic  acid  in  the  body  are  voided  partly  as  hippuric  acid.  This  state- 
is  not  true  for  all  species  of  animals.  According  to  the  observa 
of  Jaffe.s  benzoic  acid  don  tuA  pan  into  hippuric  acid  in  birds,  but  into 
another  nitrogenous  acid,  nrnithuric  acid,  C^LI^N/),.  This  acid  yields  as 
splitting  products,  besides  benzoic  acid,  ornilhin,  a  body  which  lias  been 
spoken  of  on  page  78.  Not  only  arc  the  nxybensoic  acids  and  the  sub- 
stituted benzoic  acids  conjugated  with  glycocoll,  forming  corresponding 
hippuric  acids,  but  also  the  above-mentioned  adds,  toktic,  mesxhdenic, 
.  and  phenylacetic  acids.  I  be  acidfl  are  voided  as  taluric,  mesityl- 
cnuric,  r  .  and  phenaccturic  acids. 

It  must  be  romsrke  ;ard  to  the  oxybenzoic  acids  that  a  con- 

ization  with  grycoooll  has  only  been  shown  with    salirylir   and  p-o 

1  Zcii.-ciir.  I   pbj   ioL  Clicm.,  7  and  9. 

'See  E.  and  II.  Sulkowski,  Ber.  d.  deutscb.  chem.  Gescllsch.,  12. 

1  Zeit^r  stoL  C\w\. 

'  I-  i   Path,  ii   Phaniti  1:  Xencki  and  Ziegler,  Ber.  d.  deutsch. 

chem.  Gescllsch.,  5.    See  also  O.  Jacobsen,  ibid.,  12. 
•/fad.,  10  and  11. 
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benzoic  acid  (Bertagnixi,  Batjmanx,  Herter,  and  others),  while  Bac- 
Mann  and  Hkktkk  'find  it  only  very  probable  for  m-oxybenzoic  acui. 
The  oxybonz<  are  also  in  part  eliminated  as  conjugated  sulphuric 

acids,  which  ifl  especially  true  for  /K-oxybenzoic  acid.  The  three  amino- 
benzoic  odds,  according  to  the  experiment.-  "f  IIiloeui:  n  rabbits, 
appeared  at  least  in  part  unchanged  in  the  urine.  Svi.kowski  found, 
as  was  later  confirmed  by  R.  Corn,2  that  m-aminoln  -nz oio  acid  passes  in 
part  ninobenzoic  acid,  I^N.CO.HX.CoH^COOH.  It  is  also  in  part 
butted  a.s  aminohippuric  acid. 

The  halogen  substituted  compounds  of  toluene  behave  somewhat  differ- 
ent in  various  animals  according  to  Hildebh.wdt's  experiments.  In  dog? 
they  are  converted  into  the  corresponding  substituted  hippuric  acid.  In 
rabbits  <>-bromtolunnc  is  completely  changed  to  hippuric  acid,  'he  m-  ami 
p-bromtoluene  only  partly.  The  three  chlortoluenes  are  converted  in  rab- 
bits into  the  corresponding  benzoic  acid  and  are  eliminated  as  such  and 
not  as  hippuric  acid. 

The  substituted  aldehydes  are  of  special  interest  as  substances  which 
may  undergo  conjugation  with  glycocoll.  According  to  the  investigations 
of  R.  Corn  s  on  this  subject  o-nitrol)ciizaldehyde  when  introduced  into  a 
rabbit  is  only  in  a  very  small  part  converted  into  nitrobenzoic  acid,  and 
the  chief  mass,  about  90  per  cent,  is  1  in  the  body.     According 

to  Sikber  and  Smiknow  *  m-nitrobcnz<ddehyde  passes  in  dbgl  into  m-uitro- 
hippuric  acid,   and  according  to   Cobs  into  urea-  w-nitrohippnrate.    In 
rabbits  the  behavior  is  quite  different.     In  this  case    not  only  does  an 
oxidation   of  the  aldehyde    into  benzoic  acid  take   place,  but    lbs 
group  is  also  reduced  to  an  amino  group,  and  finally  to  this  a< 
atta<  if   with  the   expulsion   of   water,  so  that  the  final   pro 

is  mracet i/lunt inoben zoic  acid,  CHa.(X ).NH.('eH4.COOH.      This    process  is 
analogous  to  tin-  behavior   of  furfnrol,  and  the  reduction  does  not  take 
■    in    the    intestine,  but    in    the    tisanes,      The  p-nitrobenzaldehyije 
acts  in    rabbits    in    part    like  the  wi-aldehyde   and  passes   in  part  into 
p-acdiylatmnobtrizoic    arid.     Another     part    is    converted     into    p-n 
benzoic    acid,    and    the   urine   contains   a   chemical   combination   of  equal 
parts  of  these  two  acids.     According   to  Bisber  and  Smiknmw  p-' 
benzaldehyde   yields   only   urea    p-nitrohippiirate    in   dogs.     The   above- 
mentioned  pyridine-arrfHmii:  acid,  formed  from  methylpyridh 
passes  into  the  uru  t&OO  with  glyOOCOl]  sa  u-pyridineuricacid} 

•  Zeitschr.  f.  phyeinl.  Chora.,  1,  where  Bertagnini's  work  is  also  cited.     See  *I» 
Dautzenberg,  Maly'a  Jahresber.,  11,  231. 

'Salkowski,  Zeitschr.  f.  pbjrsiol.  Chem.,  7;  Coha,  Aid.,  17,  iliidebrandt,  Ho 
mobster's  Beitrage,  3. 

1  Zeitschr.  f.  physiol   Chem.,  17. 

4  Monatfufte  f.  Chem.,  8. 

'  In  regard  to  the  extensive  literature  on  glycocoll  conjugations  we  refer  the  reader 
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To  those  sulistances  which  undergo  a  conjugation  with  glycocoll  belongs 
also  furfurol  (the  aldehyde  of  pyromucic  acid),  which,  when  introduced  into 
rabbits  and  dogs,  as  shown  by  Jaffe  and  OoHK,  is  first  oxidized  into 
mucic  acid  and  then  eliminated  as  pyromucuric  acid,  C'7HTN40,  after 
conjunction  with  glycocoll.  In  birds  this  behavior  is  different,  namely, 
the  acid  is  conjugated  with  another  substance,  ornithin,  C,H„N,0„  which 
is  a  diaminnvalcriauic  acid,  forming  pyromuchwntithitric  acid.  Similar  to 
furfurol,  thinphene,  C^H^S,  corresponding  to  furfurane,  is  oxidized  to  (Mo- 
phcnic  acid,  which,  according  to  Jakfe  and  Levy,1  is  conjugated  with  glyco- 
coll  in  the  body  (rabbits)  and  eliminated  as  Ikiophcnuric  acid,  CTH7.\'SO,. 
rfurol  also  undergoes  conjugation  with  glycocoll  in  other  forms  in 
mammals.  Thus  Jaffe  and  Cohn  found  that  it  is  in  part  combined  with 
acetic  acid,  forming  jurfuracrylic  acid,  CtH,O.CH:CH.COOH,  which  passes 
into  the  urine  coupled  wilh  glycocoll  as  furfuracryluric  acid. 

Another  vwy   important  synthesis  of  aromatic  substances  is  that  of 

<thereal-$ulphuric  acids.  Phenols  and  chiefly  the  hydroxylalcd  arotnalic 
hydrocarbons  and  their  derivatives  are  voided  as  ethereal-sulphuric  acid-, 
according  to  JJauma.vn,  Hkrtkk,  and  others.' 

A  conjugation  of  aromatic  acids  with  sulphuric  acid  occurs  less  often. 
The  two  above-mentioned  aromatic  acids,  p-oxyphenytocdic  and  p-oxy- 
phenylpropionic  acid,  are  in  part  eliminated  in  this  form.  Gentisic  acid 
(hydroquinone-carbonic  acid)  also  increases,  according  to  Likhatscueff,' 
the  quantity  of  ethereal-sulphuric  acid  in  the  urine,  and  according  to 
Rost  the  same  occurs,  contrary  to  the  older  statements,  with  gallic  acid 
(trioxybenzoic   acid)   and    tannic  acid.* 

While  acetophenone  (phenylmethylketone),  C,H4.OO.CII3,  as  shown  by 
M.  Nkncki,  Is  oxidized  to  benzoic  acid  and  eliminated  as  hippuric  acid, 
the  aromatic  oxyketones  with  hydroxyl  groups,  such  as  resacetophenone, 

C.IljCOllHOHXCO.CIIj),    paraoxypropiophenonc,    Cy^(OH)(OOCH>.CHl)i 

and   (jallaceiophenonc,  CnH,(OH)(OH)(OH)(OO.CH,),  pa<«   into   the  urine 

without   previous  oxidation  as  ethereal-sulphuric  acids  and  in  part  after 

nation  with  glucuronic  acid  (Nf.ncki  and  Rekowski  &).     EuxanOnm, 


to    O.    Kuhling     Uebcr    Stoffwechselprodukto    aromatischer    Korper.     Inaug.-Dias., 
Berlin,  1887. 

1  Jaffe"  and  Cohn,  Bcr.  d.  den  tech.  chcm  Gesellsch.,  20  and  21;  with  Levy,  ibid.,  21. 

a  In  regard  to  the  literature,  aee  O.  Kuhling,  1,  c.  • 

■Zdtschr.  f.  phyM..!   Cbea  .  21 

*  In  regard  to  the  behavior  of  gallic  and  tannic  acids  in  the  animal  body,  see  C. 
Monier,  /..•it-i-hr.  f.  physio] .  Chem  ,  16,  which  also  contains  the  older  literature;  also 
Ilarnack,  Aid.,  24,  and  llost,  Arch.  f.  exp  Path.  u.  Pharm.,  38,  and  Sitaungsbcr  d. 
Gesellsch.  zur  Beford.  d.  gea.  Naturwisa.  xu  Marburg,  1898. 

*  Arch.  d.  scienc.  biol.  do  St.  Peterabourg,  3,  and  Ber.  d.  deutech.  chem.  Gesellsch.. 
27 
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which  is  also  an  aromatic  nxy  ketone,  passes  into  the  urine  as  euxanthic  add 

<  tjtxgation  with  glucuronic  acid  previously  mentioned. 

A  conjugation  of  other  aromatic  substances  with  glucuronic  acid,  which 

last  is  protected  from  combustion,  occurs  rather  often.    The  phenols,  u 

above  stall  !  (page  .WS),  pass  in  part  as  conjugated  glucuronic  acids  into 

vine.     The  same  is  true  fr>r  the  bomologUM  of  the  phenols,  for  certain 

touted  phenols,  and  for  many  aromatic  substances,  also  hydrocarbons 
&fter  previous  oxidation  and  hydration.  Thus  EfXLDEBRANDtt  and  FaOMM 
Bad  Cumkns  '  have  shown  that  the  cyclic  tcrpenes  and  camphors,  by  oxida- 
tion or  hydration.  I  i;iin  eases  by  both,  are  converted  into  hydroxy) 
derivatives,  when  in  question  is  not  previously  hydroxylized,  and 
that  these  hydroxyl  derivatives  are  eliminated  as  i  ed  glucur 
acids.  Conjugated  glucuronic  acids  are  detected  in  the  urine  after  the 
introduction  of  various  substances,  e.g.,  therapeutic  agents,  into  the  organ- 
ism, namely,  terpencs,  homed,  menthol,  camphor  (camphoglucuronic 

first   observed   by  ScHMIEDXBSBO),  naphthalene,  oil  of  turpentine,  oxy- 
quind-ines,  antipyrine,  and  many  other  bodies.'    Orthoniirotolucne  in  dogs 
passes  first  into  o-nitrobenzyl  alcohol  and  then  into  a  conjugated  glue 
acid,   uronitrotoltwlic  acid   (Ja.ff£  ').     The  glucuronic   acid   split  off  from 
this  conjugated  acid  is  laevogyrate and  hence  not  identical,  but  on! 
wirl  nary  glucuronic  acid.     Indol  and  skald  seem,  as  above  stated 

(page  509),  to  be  eliminated  in  the  urine  partly  as  conjugated  glucuronic 
acids. 

A  synthesis  in  which  compounds  containing  sulphur,  mcrcapturic  acid,  are 
formed  and  eliminated  after  conjugation  with  glucuronic  acid,  oc 

ine  and  bromine  derivatives  of  benzene  are  introduced  into  the  org.; 
of  dogs  (Baumann  and   Preusse,  Jaff£).    Thus  chlorbenzene  combines 
with    rifsdin,   forming    cklorplienylmcrcapturic    acid,    C„II,jCl-SXOr    The 
recent  investigations  of  Frikdmaxx  *  show  that  the  phenyltliiolactir 
which  forms  the  foundation  of  the  tnercapturic  acids  belongs  to  the  ,9-Keriej, 
and  in  this  way  the  direct  chemical  connection  of  thus  body  with  the 
tin  (a-amino-.?-thiolactie  acid)  is  established.     Friedmann  has 
able  to  convert  cystein  into  hromphenvlmerraptm 

CjII.X.  which  does  not  combine  eithi  uronic  arid 

or  with  sulphuric  acid  after  previous  oxidation,  shows  a  sj- 

1  Hildcbrandt.  Arch.  f.  exp.  Path.  u.  Fharm.,  45,  46;    Zeitschr.  f.  banu 

36;  with  U;  and  with  Clemens,  ibid.,  37  ;   I'ronim  and  Clemens,  Aid.,  '■ 

1  See  0.  Kuhling,  1.  c,  which  gives  the  literature  up  to  1887;  also  E.  i. 
ologie,  27 ;    the  works  of  Htldebrandt .  Fromra  and  Clemens,  see  (oot-nufc  I ; 
Brahm,  Zeitschr.  f.  physiol.  Chem..  2S  ,    FenyvooBy,  vbid,  30;    Bouauni,  liofmeutcf'i 
Beitragc,  1;   Lawrow.  Bar.  d.  d.  chem.  Gesellach.,  33. 
far,  f.  physiol.  Chem..  '2. 
*  Baumann  and   Pwc,  Zeftacbr.  f.    physiol.    Chem.,  5;    Jaffe,  Ber.  d    d«Utsch 
chem.  GesuUsch  ,  12;    Friedmann,  llofmeister's  Beitriige,  4. 
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It  takes  up  a  met!  p  as  found  by  His  and  later  confirmed  by  Coiix.' 

and  forms  an  ammonium  combination,  rncthylpyridyl-ammonium  hydroxide, 

HO.Cii3.NC.Hj. 

Several  alkaloids,  such  as  quinine,  morphine,  and  strychnine,  may  pass 
into  the  urine.     After  the  ingestion  of  turpentine,  balsam  of   copaiva,  and 
beee  may  appear  in  die  urine  as  resin  acids.     Different  kinds  of 
coloring-matters,  such  as  <  rysophanic  acid,  after  rhubarb  or  senna, 

and  the  coloring-matter  of  the  blueberry,  etc.,  may  also  pass  into  the  urine. 
After  rhubarb,  senna,  or  santonin  the  urine  assumes  a  yellow  or  greenish- 
yellow  color,  which  is  transformed  into  a  beautiful  red  by  the  addition 
of  alkali.  Phenol  produces,  as  above  mentioned]  a  dark -brown  or  i 
green  color  which  depends  mainly  on  the  decomposition  products  of  hydro- 
one  arid  humin  substances.  After  naphthalene  the  urine  has  a  dark 
color,  and  several  other  medicinal  agents  produce  a  special  coloration. 
Thus  after  antipyrine  it  becomes  yellow  or  blood-rod  After  balsam  of 
copaiva  the  urine  becomes,  when  strongly  acidified  with  hydrochloric  acid, 
gradually  rose  and  purple-red.  After  naphthalene  or  nnphthol  the  urine 
with  concentrated  sulphuric  arid  (1  c.  c.  of  concentrated  acid  and  a 
few  drops  of  urine)  a  beautiful  emerald-green  color,  which  is  probably  due 
to  naphthol-glut'uronic  acid.  Odoriferous  bodies  also  pass  into  the  urine. 
-  asparagus  the  urine  acquires  a  sickly  disagreeable  odor  which  is  prob- 
ably due  to  methylmercaptan,  according  to  M.  Nexcki.1  After  turpentine 
the  urine  may  have  a  peculiar  odor  similar  to  that  of  violets. 

VI.  Pathological  Constituents  of  Urine. 

Proteid.    The  appearance  of  slight  traces  of  proteid  in  normal  urines 
has  been  repeatedly  ol  I  >y   many  investigators,  such  as  Posxer, 

Plosz,  v.  Noordex.  Leuiik,  and  others.  According  to  K.  Morxer  '  pro- 
teid regularly  occurs  as  a  normal  urinary  constituent  n>  the  extant  of  2 
milligrams  per  liter,  frequently  traces  of  a  suhstance  similar  to  a  nucleo- 
albumin,  which  is  easily  mistaken  for  mucin,  appears  in  the  urine  and 
whose  nature  will  be  treated  of  later.  In  diseased  conditions  proteid 
occurs  in  the  urine  in  a  variety  of  oases.  The  albuminous  bodies  which 
most  often  occur  are  eexglobutin  and  seralbumin.  Albumoses  (or  pep- 
tones) also  sometimes  are  present.  The  quantity  of  proteid  in  the  urine 
is  in  most  cases  less  than  5  p.  m.,  rarely  10  p.  m.,  and  only  very  rarely 
does  it  amount  to  50  p.  m.  or  over.  Cases  are  known,  however,  when-  it 
•was  even  more  than  80  p.  m. 

Among  the  many  reactions  proposed  for  the  detection  of  proteid  in 
urine,  the   following   are   to  be  recommended: 

*  His,  Arch.  f.  exp.  Path.  u.  Pharm.,  22;  Coha,  Zeitachr.  f.  phywoL  Chem.,  IS. 
1  Arch.  f.  exp.  Path.  u.  Pharm..  28. 
•Skand.  Arch.  t.  Phyaiol.,  C  (literature). 


The  Went  Test,     Filter  the  urine  and  test  its  reaction.    An  acid  urine 
may,  as  a  rule,  be  boiled  without  further  t  t,  and  only  in  espc 

acid  urines  is  it  necessary  to  first  treat  with  a  little  alkali.  An  alkaline 
urine  is  made  neutral  or  faintly  acid  before  beating.  If  the  urine  is  poor 
in  -alls,  add  TV  vol.  of  a  saturated  common-Ball  solution  before  boiling;  dicn 
heal  to  ih'1  boiling-point,  and  if  no  precipitation,  cloudiness,  ur  iijiilieuiimi 
appears,  the  urine  [n  question  contains  no  ooagulable  proteid,  but  it  may 
contain  albumoscs  or  peptones.    If  a  pi  ia  produced  on  boilin 

of  proteid,  or  of  earthy  phosphates,  or  of  both.     The  d 
hydrogen  calcium  phosphate  decomposes  on  boiling,  and  the  normal 
phate  may  separate  out.    The  proper  amount  of  acid  is  now  added  to  the 
urine,  so  as  to  prevent  am  of  earthy  pbos- 

:-s,  and  to  give  B  better  and  more  Hoeculi  nl  precipitate  of  ti 
If  acetic  acid  is  used  for  this,  then  add  1-2  3  drop*  of  B  20  per  cent 
to  each  10  c.  c  of  the  urine  and  boil  after  the  addition  of  e.-i  On 

nitric  acid,  add  1-2  drops  of  the  25  per  cent  acid  to  each  cubic  c«iiti- 

r  of  the  boiling-hot    urine. 

Ou  Using  acetic  SCid,  when  the  quantity  of  proteid  is  very  small,  and 
especially   when  the  urine  Was  originally  alkaline,  the  proteid   may  some- 
;    remain    in    solution    on  the  addition  Of  a  quantity  of  acid. 

If,  on  the  contrary,  less  acid  is  added,  the  precipitate  of  calcium  phos- 
phate, which  forms  in  amphoteric  01  faintly  acid  urines,  is  liable  not 
to  dissolve  oompli  tery,  and  this  may  cause  o  for  a  pi 

precipitate.     If  nitric  acid  is  used  for  the  heat  teat,  the  fact  must  | 
overlooked  that,  after  the  addition  of  only  a  Little  fl  D  be- 

n  it  and  the  proteid  iB  formed  which  is  soluble  on  boiling  and  which  is 
only  precipitated  by  an  excess  of  the  acid.    On  tount  the 

quantity  of  nitric   acid,  jus  suirirested   above,  must   be  added,   but   v 
case  a  small  part  of  the  proteid  is  liable  to  be  dissolved  by  the  excess  of 
the  nitric  acid.     When  the  acid  is  added  after  boiling,  which  is  absol 
necessary,  the.  liability  of  a  mistake  is  not  so  great.     It  is  on  them 
that   the  heat  test,  although  it  gives  very  good   results   In   the  hands  of 
experts,  is  not  recommended  to  physicians  as  a  positive  test  for  proteid. 

A  confounding  with  mucin,  when  thif  body  occurs  in    i 
nted  in  the  heat  test  with  acetic  acid   by  Dg  another  portion 

with  acetic  acid  at  the  ordinary  temperature.  Mucin  and  nucleouJbumin 
BUbstanoea    similar    to   mucin   are   hereby  pi  I.      If  in  the  perform- 

ance of  the  heat  and  nitric-acid  test  a  precipitate  first  appears  i 
or  fa  strikingly  increased,  then  this  shows  the  presence  of  albumoses  in  the 
urine,  either  alone  or  mixed  with  coagulable  proteid.     In  this  cast 
investigation  is  n.«eessary  (see  below).     In  a  urine  rich  in  urates  a  precipitin- 
uric  acid  separates  on  cooling.    This  precipitate  Ls  colored  and 
ilar.  and  is  hardly  t<>  be  mistaken  for  an  albumose  or  proteid  precii 

Hku.kks  teal  is  performed  as  follows  (see  page  30):     The  urine  i-  rSTJ 
carefully  floated  on  the  surface  of  nitric  acid  in  a  test-tube.     The  pn 
of  proteid  is  shown  by  a  white  ring  between  the  two  liquids,     wh 
test  a  red  or  reddish-violet  transparent  ring  is  always  Obtained  with  normal 
urine:  it  depends  upon  the  indigo  coloring-:!  id  can  baldly  be  in»* 

taken  for  the  white  or  whitish  proteid  ring,  and  this  last  must  not  be 
taken  for  the  ring  produce* I  '  •.    bile  pigments.     In  a  urine  rich  in  I 

er  complication  may  occur,  due  t<>  the  foi 
by  the  precipitation  of  uric  acid.    The  uric-acid  ring  does  not  \v 
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proteid  ring,  botWCOB  the  two  liquids,  but  somewhat  higher.  For  this  rea- 
son two  simultaneous  rings  may  exist  in  urines  which  are  rich  in  urates  and 
do  not  contain  very  much  proteid.  The  disturbance  caused  by  uric  acid 
is  easily  prevented  by  diluting  the  urine  with  1-2  vols,  of  water  before 
performing  the  test.  The  uric  acid  now  remains  in  solution,  and  the 
delica<  ler'b  test  is  so  great  that  after  dilution  only  ios- 

ence  of  insigntfn  ant  traces  of  proteid  does  this  test  give  negative  n  suits. 
In  a  urine  very  rich  in  urea  a  ring-like  separation  of  urea  nitrate  may 
also  appear.  This  ring  consists  of  shining  crystals,  anil  it  does  not  appear 
in  urine  previously  diluted.  A  confusion  with  resinous  acids,  which  also 
give  a  whitish  ring  with  this  test,  is  easily  prevented,  since  these  acids 
are  soluble  on  the  addition  of  ether.  Stir,  add  ether,  and  carefully  shake 
the  content-,  of  the  u-t-tubc.  If  the  cloudiness  is  due  to  resinous  acids, 
the  urine  gradually  Incomes  clear,  and  on  evaporating  the  ether  a  sticky 
residue  of  t  acids  is  obtained.     A  liquid  which  contains  true  mui 

docs  not  givi-  a  precipitate  with  this  test,  but  it  gives  a  more  or  less  strongly 
opalescent  ring,  which  disappears  on  stirring.  The  liquid  does  not  con- 
tain at  itate  after  stirring,  but  is  somewhat  opalescent.  If  a  faint 
not  wholly  typical  reaction  is  obtained  with  Bklu  i'.-  teal  after  some 
time  with  undiluted  urine,  while  the  diluted  urine  gives  a  pronounced 
reaction,  t"  b0WB  Of  the  substance  which  used  to  be  callr  1 
mucin  or  nue&oalbumin.    In  this  case  proceed  as  described  below  for  the 

rm  of  Ducleoalbumin. 
If  the  above-men  t  i.  'i  Ible  errors  and  the  means  by  which  they 

be  prevented  are  borne  In  mind,  there  is  hardly  another  test  fur  proteid 
in  tiu-  urine  which  is  at  the  same  time  so  ea-Uy  performed,  io  delii  ate,  and 
so  positive  as  Heller's.     With  this  test  even  6.0Q2  per  cent  of  albu 
may  be  detected  without  difficulty.    Still  the  student  must  not  bi 
with  this  test  alone,  but  should  apply  at  least  a  second  one.  heat 

test.     In  performing  this  test  the  (primary)  proteoses  :n<  al-.i.  prwi  pirated. 

The  miction  with  metapfiospfurric  acid  (see  page  30)  is  very  convenient 
and  easily  performed.  Ii  is  not  quite  so  delicate  and  positive  as  IIki.lkk's 
test.      The  proteoses  are  also  precipitated  by  this  reagent. 

A*-  Acid  and  Potassium  Ferrontaitidr.     Treat  the  urine 

first  with'an-tic  acid  until  it  contains  about  2  per  cent,  and  then  add  drop 
by  drop  a  jxitassium-ferrocyanide  solution  (1:20),  carefully  avoidfc 

ss.    This  test  is  very  good,  and  in  the  hands  of  experts  it  i-  sven  more 
ate  than  Heller's.    In  the  presence  of  vea  U  quantities  of  pro- 

teid it  requires  more  practice  and  dexterity  than  Heller's,  as  the  relative 
quantities  of  reagent,  proteid,  and  acetic  acid   influence  the  result  of  the 
The  quantity  of  salts  in  the  urine  likewise  seems  to  have  an  influence. 
This  reagent  also  precipitates  proteoses. 


Spiegi.kk's  TetL  BrraoUBS  recommends  a  solution  of  8  parts  mercuric  chloride, 
4  parts  tartaric  ucirl,  20  parts  glyoerina,  and  200  parrs  water  as   i  icate 

reagent  for  proteid  in  the  urine.  A  test-tube  is  half  filled  with  this  reagent  Uld 
from  a  pipette  the  urine  is  al  In  wed  to  flow  upon  its  surface  drop  by  drop  along  the 
wall  of  the  teat-tube.     In  the  presence  of  proteid  a  white  ring  I  al 

the  point  of  contact  between  t  he  two  liquids.    The  deUoaey  of  t  bis  test  is  1 :  350000. 
s  l  does  not  consider  this  reagent  suited  for  urines  very  poor,  in  chlorine,  and 

riegler,  Wien.  klin.  Wochrnsrhr  ,  1S92,  and  Centralbl.  f.  d.  klin.  Med.,  1S93; 
loUes,  Zeitschr.  f.  physio).  Ch«n  . 
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for  this  reason  he  has  changed  it  as  follows:  10  grams  mercuric  chloride,  '20  gram 
i  i.l,  10  grams  NaCl,  and  500  c.  c.  wai 
Eta  t    Treat  the  urine  either  with  a  20  per  cent  watery  solution  «f 

I  of  a  few  crystals  of  the  fti  d       CUi  reagent  does  not  precipitate 
the  uric  acid  or  the  resin  acids.1 

As  every  normal  urine  contains  traces  of  proteid,  it  is  apparent  that 
very  delicate  reagents  are  only  to  be  u  ■  bhe  greatest  caul 

ordinary  cases  Heller's  test  is  sufficiently  delicate.     If  no  reaction  is 
obtained  with  this  test  within  2J  to  3  minutes,  the  urine  tested  contains 
less  than  0.003  per  rent  of  proteid,  and  is  to  be  considered  free  fro, 
in  the  ordinary  sense. 

The  use  of  precipitating  reagents  presumes  that  the  urine  to  be  investi- 
gated is  perfectly  clear,  especially  in  the  presence  of  only  very  ; 

teid.     The  urine  must,  first  be  filtered.      This  ifl  DOt  easily  done 

aining  baoteriaj  but  a  dear  urine  may  be  obtained,  as  sugge?: 
A.  JOLLES,  by  shaking  the  urine  with  infusorial  earth.     Although  a 
pn. nil  fa  retained  in  this  procedure  and  lost  it  docs  not  seem  to  be  of  any 
importance  (GnUTZNER.  SCHWBZSBDKOIB  2). 

The  different  color  reactions  cannot  be  directly  used,  especially  in  dc 
colored  urines  which  only  contain  little  proteid.     The  common  salt 
urine  has  a  disturbing  action  on  Mii.i.ns's  reagent.     To  prove  more  pcev 
tivcly  the  present  i  l,  the  precipitate  obtained  in  the  boiling  test 

be  filtered,  washed,  sad  then  tested  with   Mm  reagent.    The 

pn  capitate  may  also  be  djBBolvsd  in  dilute  alkali  and  the  biuret  test  applied 
to  the  solution.  The  presence  off  proteoses  or  peptones  in  the  urines 
directly  tested  for  by  this  lust-men) ioned   test.      In  the  urine  for 

proteid  one  should    never    be  satisfied  with  one  reaction  al  must 

apply  the  heat  test  and  II  OT  the  potasshun-ferrocyanide  test 

using  the  heat  test  alone  the  proti  oses  may  be  easily  overlooked,  but  theseare 
detected,  on  the  contrary,  by  SELLER'S  or  the  potassium  ferroeyarnU 
If  only  one  of  these  tests  is  employ*  Eioient  intimation  <»f  the  kind  of 

proteid  pre-ent  can  be  obtained,  whether  it  consists  of  proteoses  or 
lable  proteid. 

For  practical  purposes  several  dry  reagents  for  proteid  have  been  recommend 
Besides  the   metaphosphorio  acid   may  l>e  mentioned  Stittz's  or  Fi 
gehi  1  •  ,   winch  contain  mercuric  chloride,  sodium  chloride,  end 

arid,   and  I  !i,jssi.er's  albumin-test  papers,  which  con^-i  i  filter-pat 

which  ha1  dipped  in  a  solution  of  citric  add  and  also  mercuric- 

potassium-iodido  solution  and  then  dried. 

If  the  presence,  of  proteid  has  been  positively  proved  in  the  o 
the  :  t  then  remains  necessary  to  determine  its  chi 

Detection  of  Globulin  and  Albumin.     In  deter' 
urine  is  exactly  neutralized,  filtered,  and  treated  with  magnesium  sul] 
in  substance  until  it  is  completely  saturated  at  the  ordinary  ten 
or  with  an  equal  volume  of  a  saturated  neutral  solution  of  ammonium 
phate.     In  both  cases  a  white,   flocc.ulcnt  precipitate  is  formed   in 
presence  of  globulin.     In   using  ammonium  sulphate  with  a  in 
urates  a  precipitate  consi&tirui   of  ammonium  urate  may  sapor 

1  Pharmaceut  Centralhalle,  1889,  and  Zettachr.  f.  an  29. 

*  Jnllee.  Zeitschr.  f.  anal.  Chem..  29;  Grutzner,  Cham.  Centralbl.,  1901    1 . 
finger,  ibid. 
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npitate  does  not  appear  immediately,  but  only  after  a  certain  time,  and 
it  must  not  be  mistaken  for  the  globulin  precipitate.  In  detecting  ser- 
albumin heat  the  filtrate  from  the  globulin  precipitate  to  boiling-point  or 
add  about  1  per  cent  acet  ■  it  at  the  ordinary  temperstunV 

Proteoses  anrl  peptones  have  been  repeatedly  found  in  the  urine  in 
different  diseases.  Reliable  reports  are  at  hand  on  the  occurrencr  al 
proteoses  in  the  urine.  The  statements'  in  regvd  to  the  occtn 
peptones  date  in  part  from  a  time  when  the  conception  of  proteoses  and 
peptones  was  different  from  that  of  the  pft  -mi  -lax-,  and  in  part  they  are 
Meed  upon  investigation:  arthv  methods.    According  to 

Ito  '  true  peptones  are  sometimes  round   In  the  urine  in  cases  of  pneu- 
monia;   what  has  been  designated  as  urine  peptone  seems  to  have  I 
chiefly  dent.  !  "proteose. 

detecting  the  proteoses  the  proteid-free  urine,  or  urine  boiled  with 
addition  of  acetic  win,  is  saturated  with  ammonium  sulphate,  which  pre 

proteoses.    Several  errors  are  here  possible.    The  urobilin,  which 
may  give  a  reaction  similar  to  the  biuret  reaetio  >  precipitated 

may  E  ■      >  mistakes  (SLllkowbki,  Stohlvib  *),    A  smaR  quantity  of  the  pro- 
nay  remain  in  solution  after  coagulation  and  this  may  be  precipitated 
by  the  ammonium  sulphate  and   be  mistaken   for  proteoses     The  OOagU- 
lable  DTOt  'itated  by  saturating    with   ammo- 

nium sulphate  in  bojHnje  BoUition:  but  according  to  Devoto  quan- 

i  the  prot.-i.i  iiy  heating  ror  i  long 
■  It.     On  heating  for  a  short  time  DO  such  torn 
protease  takes  place,  and  the  prot.-ids  fcety  coagulated 

t  these  n  i  sgested  die  method  for  the 

detection  of  proteoses  in  th  >:'  coagulable  proteid.     The  win 

heated   to  l>oiling  with   ammonium  sulphate   (S   parts  to    10  parts  urine) 
and  Innh-d  for  a  few  seconds.      The  hot  liquid  IS  cenlrifuirod  for  !  to  1  rnin- 
i    from    the  sediment.     The  urobilin   is   n  from 

this  by  e>  with  alcohol.    The  residue  i>  suspended  in  a  little  water, 

heated  to  boiling,  filtered,  whereby  tibe  ooagulable  proteid  is  retained  on 

Iter,  and  any  urobilin  still  present  in   the  filtrate  is  shaken  0U1 
chloroform.     The   watery    solution,    after   removal    of    the    chloroform,    is 
used  for  the  biuret  test.     Far  clinical  purposes  this  method  i 

According  to  Saueowbo  the  urine  treated  with  10  percent  hydrochlo 
acid  is  precipitated  with  phoephotungBtic  acid,  then  warmed,  the  liquid 

decanted    from    the   resin-like    precipit;  washed    with    wi 

then  dissolved  in  a  lit  i  i  with  the  aid  of  some  caustic  soda,  warmed 

again  until  the  blue  color  disappears,  cooled,  and  finally  bested  with  copper 

1  In  regard  to  the  literature  on  proteoses  sad  peptones  in  urine,  see  Huppert- 
auer,  Haro-Analyae,  10.  Aufl.,  U56to  192;  also  A   Btoffregen,  Ueber  das  Vorkoin- 

'••pton  jni  Hani.  Sputum  und  Kiter  i Inaiig.-Diss  ,  Dorpat,  18'JI):  E.  Hirsch- 
rag  zur  Frage  der  i'optonurie  (Inaug.-Diss.,  Dorpat.  181)2);   and  esjpe- 
Stadelmann.  I'nterauchunjren  iiber  die  Peptonuria.     Wleebaden,  1891; 
Bid  rag  till  kannedomen  om  Albumosurien,  Helsingfura,  1900;    Ito,  Dcutach.   Arch. 
t  klin.  Med.,  71 

1  Saikowski.  Berlin,  klin.  Wochenschr.,  1897;  Stokvia,  Zeitschr.  f.  Biologie.  3i 
•Zeitschr.  f.  physiol.  Chem.,  lo. 
*  Dcutach.  med.  Wochenschr.,  1898. 
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hate.     This  method  has  been  recently  somewhat,  modified  b 
CeBMT.1     In  regard  to  other  more  Complicated  metfaodl  we  refer  to 

HuppE&T-NstraAtuta. 

If  the  proteoses  have  been  precipitated  from  a  larger  I  urine 

by  ammonium  sulphate,  this  precipitate  is  tested  For  the  presence  i 
Cerent  pioteoaes  (or  the  n  fvea  in  Chapter  II.    The  folio* 

as  a  preliminary  det  on  of  the  character  of  the  proteoses  present 

in  the  urine,     ii  the  urme  contains  only  deuteroproteose  it  doee 
cloudy  on  bailing,  does  nol  give  Heller's  test,  does  noi  becoi 
on  saturating  with  NaCS  in  neutral  reaction,  but  does  become  turl 
addinj  tcid  saturated  with  this  Bait    In  the  presence  of  01  I 

proteose  the  urine  gives  Bbllsb/b  test,  is  precipitate) 

:i  in.c  •  ilh  N'a<  I,  bul  doe  n  boiling.    Tb 

d  hi  tea  □  by  the  urine  behaving 

with  x : i < '  1  and  oitnc  acid,  but  Bhows  a  difference  on  heating.     It  erad1 

imea  cloudy  on  w  i  ai  abou    I  i 

tali'  which  attaches  itself  to  the  sides  «.i   ihe  vessel  and  which  dfc 

isratun  on  acidifying  the  urine;  the  pi  arson 

. 
In  dose  relation  to  the  proteoses  stands   the  so-called    B 
■ :  <  :  in  the  urine  in  rare  cases  in  di 

pinal-marrow.    It  gives  a  precipitate  on  heating  to  40-60   | 
inii,-  ;to  boiling  dii    »lves  again  tnoi 

upon  the  reaotion  and  upon  the  amount  of  salt  present.    It  does  nol 
on  dialysis,  but  can  be  prec  from  the  urine  by  double 

of  a  Baton  imotiium-sulphate  solution  or  by  all 

Ii       il -'•  li  lined  as  orystals  (Gruttekink  ami  de  • 

*).     I  iiis  body  shows  a  somewha'  differenl  b 
CI         in  which  it  has  been  found  and  its  run 

•  >n  of  Pn  ill  the  methods  \\ 

ar,  the  ooaoi  latio.n  method  (boiling  with  the  ad 
i  performed  with  Bufficienl   care  t  r, 

The  sed  never  amount  to  more  than  o.oi  pi 

Jly  Bmaller.     En  using  this  method  it  is  beet  to  G  bo*  much 

aiid  must  be  added  to  a  small  portion  of  the  urine,  which  has  been 
previously  heated  on  the  water-bath,  to  oomplel 

i  Ik*    filtrate    does    not   respond    to    Hi  besi      Then    consulate 

20  50  i<"'  o    o    of  the  mine.     Pour  the  urin  a  beaker  and 

h,  add  the  required  quantity  of  aeetic  acid   si  tfrrfag 

ronstatitly.  and  licit  at  the  Bame  lirae.     Filter  while  warm,  wash  firs' 
then  with  alcohol  and  ether,  dry  and  weigh 
■       In  exact  determinations  the  filtrate  must  not  give  Ii 
The  separate  estimation  of  ciloiu  1   ALBUlflNS  Qt»- 

f   lly  neutralizini;  the  urine  and  precipitating  with  Mj  :ur»- 

tion  (HaIOCABSTSN),  or  simply  by  adding  an  equal  volume  of  a  saturated 
neutral   solution  of  ammonium  sulphate  (Horn >  aid   Pom. 'i     Tbe 

1  Salkowski,  Centralbl.  f.  d.  med.  Wisaensch.,  1S94;  v.  Aldor,  Bed.  klin.  Wocbwueir . 
30;   t'emy,  Zeitechr.  f.  analyt.  Cheiu.,  40. 

;  Magnus-Levy,  Zcitschr.  f.  physiol.  t'hem..  30  (literature);  Onittennk  and  d« 
Graaff.  ibid..  34. 

'  Hamm&reten,  Pfiuger's  Arch.,  17;  Hufmeinter  ami  1'ulil.  Arch.  f.  exp.  P»tL  u. 
Pluutn.,20. 
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precipitate  consisting  of  globulin  is  thoroughly  washed  with  a  saturated 
tesium-sulphate  01  ted  ammonium-sulphate  solution,  di 

inuously  ut  110°C.,  boiled  with  water,  extracted  with  alcohol  and 
then  dried,  weighed,  numerated,  ami  weighed  again.     The  «|uan- 
of   albumin  is  calculate  1    as   the  difference  between   the  quantit 
ibulin  and  the  total  protesda. 

.rnximaU    Estimation    of   i  Of    the    methods    B 

for  this  purpose  none  has  been  more  extensively  employed  than 
H  V. 

Ksdacii's1  Mtthod.     The  acidified  urine  (with  acetic  acid)  is  pound 
into     a    Specially  graduated     tube     to    a    certain    mark,  and     thin 

t  (a  2  per  oen1  citric-acid  and  l  per  rent  picrio-aoid  solution  in  water) 
led  to  a  second  mark,  the  tube  dosed  with  a  rubber  stopper  and  care- 
fully shaken,  avoiding   the  production  of  froth.     Thfl   tube   B   allowed    to 
stand  twenty-four  hours,  and  then  the  height  "f  the  precipitate  on  the 
graduation     is    read     off.      The  reading     give*    din-cily    the    quantit 

id  in  1000  parts  of  the  m  proteid  must  first  be 

diluted  with  water.    The  results  obtained  by  thfl  method  are,  howi 

•II  the  temperature;  and  a  difference  in  temperature  of  5°  to 
y cause  an  error  «>f  0.2-0.3  per  em  OT  excess  in  urines 

ining  a  medium    quantity  of   proteiil    (CtUUtfTBKSEN    and    Myoi.i;  5>- 
This  method  is  only  to  be  uaeo  m  ■  room  in  which  the  temperature  ma 

.v  constant.     The  directions  for  its  use  accompany  the  apparatus. 

Other  methods  for  the  approximate  • -lunation  of  proteid  BTO  the  optica] 

odi   Of  <'iuu«TK\sk\    and    UTGOB,    Of    I'.oiiK.JtTS  and   BTOLWnUJW   88    Hi"1 

rith    Hki.i.k.r's    test,    which    has  been   siinj.lititil   for    pr:i 

Mi    rsLBAca     The  density  methods  of  I. a.m..  Hufpbbt  ana  /"■■ 
are  al*j  way  good.    In  regard  to  mate  and  other  methoda  wt  rate  w  IIippert- 

:  s  Ham-Analyse,  10.  AiiH. 
There  is  at  present  no  trustworthy  method  for  the  quantitative  estimation 
of  proteoses  and  peptone  in  the  urine. 

libumin  and  Mucin,  According  to  K.  Morner  tnotB  of  urinary 
mucoids  may  pass  into  solution  in  the  urine;  otherwise  normal  urine 
Contains  DO  mucin.  There  is  no  doubt  that  there  may  be  eases  where  true- 
BlUCm  appears  in  the  urine;  in  most  caaea  mucin  has  probably  lx>en  mis- 
taken for  so-called  nucleoalbumin.  The  occurrence,  under  some  circum- 
stances, of  nucleoalbmnin  in  the  urine  is  not  to  be  denied,  as  such  substances 
in  the  renal  and  urinary  passages;  still  in  most  cases  this  nucleo- 
albumin,  as  shown  by  K.  IfftRNER,'  is  of  an  entirely  different  kind. 

urine,  according   to   afORNSB,  contains  a  little  proteid  and  in 

addition  substances  precipitating  proteid.     If  the  urine  freed  from  salts  by 

is  is  shaken  with  chloroform  after  the  addition  of  1-2  p.  m.  acetic 

a  precipitate  is  obtained  which  acts  like  a  nucleoalbumin.     If  the 

filtrate  is  treated  with  seralbumin,  a  new  and  similar  precipitate  is 

1  In  regard  to  thp  U  on  this  method  and  the  numerous  experiments  to  deter- 

mine its  value,  see  litippcrt-Xculmuer,  10.  Aufl.,  853. 
1  Christensen,  Virchow's  Arch.,  115. 
•Skand.  Arch.  f.  I'hynoL,  «. 
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obtained  due  to  the  presence  of  a  residue  of  the  substance  which  precif 
tates  proteids.  The  most  important  of  these  proteid-precipitating  sub- 
stances is  chondroit in-sulphuric  acid  and  nucleic  acid,  although  the  latter 
apjK'ars  to  a  much  smaller  extent,    Taurocholic  acid  may  in  a  few  instances, 

ially  in  ieteric  urines,  be  precipitated.    The  substances   isolate 
different  investigators  from  urine  by  the  addition  of  acetic  acid  and  called 
"dissolved  mucin"  or  ''nucleoalbumin*' arc  considered  by  Morxer  tote 
a  combination  of  proteid  with  eh'..>ndroitm-sulphuric  arid  chiefly,  and  to» 
less  extent  with   nucleic  acid,  and  also  peril  urochotic 

As  normal  urine  habitually  contains  an  excess  of  substances  capable  of 
precipitating  proteids,  it  is  apparent  that  an  increased  elimination  of  tb- 
oaH  1  ini.linalbumin  may  be  caused  simply  by  an  augmente<l  excrr": 
proteid.  This  happens  to  a  still  greater  extent  in  cases  where  the  protatd 
as  well  as  the  protcid-prccipitnting  substance  is  eliminated  to  an  increased 
extent 

Ihtation  of  so-called  NudtOOBnanktS.     When  a  urine  becomes 
or  precipitates  on  the  addition  of  acetic  acid,  and  when  it  gives  a 

ith  Hki,l  hii's  test  after  the  dilution  of  the  mi 
one  is  justified  in  making  tests  for  mucin  and  nucleoalbumin.     As  the  salts 
of   the  urine  interfere  arably  with  the  precipitation  of  these 

es  by  acetic  acid,  they  must  first  he  removed  by  dialysis.  As  large 
a  quantity  of  urine  as  possible  B  dialy/.ed  (with  the  addition  of  chloroform) 
until  the  salts  are  removed.     Then  acetic  acid  !  until  it  contains 

2  p.  m..  and  the  mixture  allowed  to  stand.     The  precipitate 

r  l>\  the  aid  of  thi  BmaDeal  possible  quantity  of  alkali  and  precipitat«i 
again.     !  for  chondroitin-Bulphurio  acid  a  part  is  warmed  on  the 

water-bath  with  about  .r>  per  rent  hydrochloric  m  lave  rceu  : 

obtains!  on  testing  for  sulphuric  acid  and  a  reducing  sub  chon- 

droproteid  was  present.    If  a  reducing  substance  can  be  detected  but  no 
sulphuric  acid,  then  mucin  is  probably   there.     If  it  does  no  n  any 

sulpi'  d  or  reducing  substance,  a  part  of  the  precipitate  is  exposal 

to  pepsin  dig  tnd  another  part  used  iw  the  determination  of  any 

:ic  phofl  if  posit! 

then  nuclroalbumin  and  nucleoproteid  must  be  differentiated   by  special 

i    bases.     No  positive  conclusion   can   be   drawn    exc 
I        ising  wry  large  quantities  of  urine. 

iton.     In  a  case  of  pseudole  car-  i  id  a  pin 

protein  substance  which  lie  considers  as  identical  with  nucleohtston.     Hirion 
claimed  to  have  been  found  in  some  cases  by  Kheiil  end  M.vrnius  and  by  Kouscb 
and  Bi  UAH,1 

Blood  and  Blood-coloring  Matters.     The  urine  may  contain  blood  from 
orrhage  in  the  kidneys  or  other  parts  of  the  urinary  passages  i 
In  these  cases,  when  the  quantity  of  blood  -n-  small, 

is  more  or  less  cloudy  and  colored  reddish  fish-red,  dirty 

•  lish-red,  or  dark  brown.     In  recent  hemorrhages,  in  which 

*  Jolles,  Bcr.  d.  dcutsch.  chem.  Grnrilnch.,  30;  Krehl  and  Matthes, 
f.  klia.  Med.,  bi;  Kolisch  and  Burian,  Zcitechr.  f.  klin.  Mod,  29. 
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has  not  decomposed,  the  color  is  nearer  blood-red.  Blood-corpuscles  may 
be  found  in  the  sediment,  sometimes  also  blood-casts  and  smaller  or  larger 
blood-clots. 

In  certain  cases  the  urine  contains  no  blood-corpuscles,  but  only  dis- 
solved blood-coloring  matters,  haemoglobin,  or,  and  indeed  quite  often, 
methsemoglobin  (hemoglobinuria).  The  blood-pigments  appear  in  the 
urine  under  different  conditions,  as  in  dissolution  of  blood  in  poisoning  with 
arseniuretted  hydrogen,  chlorates,  etc.,  after  serious  burns,  after  trans- 
fusion of  blood,  and  also  in  the  periodic  appearance  of  haemoglobinuria 
■with  fever.  In  haemoglobinuria  the  urine  may  also  have  an  abundant 
grayish-brown  sediment  rich  in  proteid  which  contains  the  remains  of  the 
stromata  of  the  red  blood-corpuscles.  In  animals  haemoglobinuria  may 
be  produced  by  many  causes  which  force  free  haemoglobin  into  the  plasma. 

To  detect  blood  in  the  urine  we  make  use  of  the  microscope,  spectro- 
scope, the  guaiacum  test,  and  Heller's  or  Heller-Teichmann's  test. 

Microscopic  Investigation.  The  blood-corpuscles  may  remain  undis- 
solved for  a  long  time  in  acid  urine;  in  alkaline  urine,  on  the  contrary,  they 
are  easily  changed  and  dissolved.  They  often  appear  entirely  unchanged  in 
the  sediment;  in  some  cases  they  are  distended  and  in  others  unequally 
pointed  or  jagged  like  a  thorn-apple.  In  hemorrhage  of  the  kidneys  a 
cylindrical  clot  is  sometimes  found  in  the  sediment  which  is  covered  with 
numerous  red  blood-corpuscles,  forming  casts  of  the  urinary  passages. 
These  formations  are  called  blood-casts. 

The  spectroscopic  investigation  is  naturally  of  very  great  value;  and  if 
it  be  necessary  to  determine  not  only  the  presence  but  also  the  kind  of 
coloring-matter,  this  method  is  indispensable.  In  regard  to  the  optical 
behavior  of  the  various  blood-pigments  we  must  refer  to  Chapter  VI. 

Guaiacum  Test.  Mix  in  a  test-tube  equal  volumes  of  tincture  of  guaia- 
cum and  old  turpentine  which  has  become  strongly  ozonized  by  the  action 
of  air  under  the  influence  of  light.  To  this  mixture,  which  must  not  have 
the  slightest  blue  color,  add  the  urine  to  be  tested.  In  the  presence  of  blood 
or  blood-pigments,  first  a  bluish-green  and  then  a  beautiful  blue  ring 
appears  where  the  two  liquids  meet.  On  shaking  the  mixture  it  becomes 
more  or  less  blue.  Normal  urine  or  one  containing  proteid  does  not  give 
this  reaction.  For  the  explanation  of  this  we  must  refer  the  reader  to 
Chapter  VI,  page  169.  Urine  containing  pus,  although  no  blood  is  present, 
gives  a  blue  color  with  these  reagents;  but  in  this  case  the  tincture  of 
guaiacum  alone,  without  turpentine,  is  colored  blue  by  the  urine  (Vitali  *). 
This  is  at  least  true  for  a  tincture  that  has  been  exposed  for  some  time 
to  the  action  of  air  and  sunlight.  The  blue  color  produced  by  pus  differs 
from  that  produced  by  blood-coloring  matters  by  disappearing  on  heating 
the  urine  to  boiling.  A  urine  alkaline  by  decomposition  must  first  be 
made  faintly  acid  before  performing  the  reaction.    The  turpentine  should 

1  See  Maly'a  Jahresber.,  18. 
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be  kept  exposed  to  sunlight,  while  the  tincture  of  guaiarum  must  he  kept 
in  a  dark  glass  bottle.  These  reagents  to  be  of  use  mart  be  controlled 
by  b  Dontaimng  blood.    This  test,  it  is  true,  with  positive  re>\ 

ibeoiately  decisive,  because  other  bodies  may  give  a  similar  rea- 
but  wh.-n  properly  performed  tt  is  so  «  hat  when  it  gives 

ilts  any  other  keel  for  blood  is  superfluous. 
Hki.i.kk-Tkiciiuaw's  TY.s-/.     If  a  neutral  or  faintly  aeid  urine  contain- 
ing bbed  is  beated  to  boUiog,  one  always  obtains  a  mottled  precipitate 
listing  of  proteid  and  h:rmatiri.     If  caustic  Boda  Ls  added  ilinp* 

hot  test,  the  liquid  becomes  clear  and  turns  green  when  examined  in  thin 
layers  (due  to  lucmatiu  alkali),  and  a  red  precipitate,  appearing 

bit,  re-forms,  eonaistu  thy  phosphates   and  ban 

1  lii  caQed  Hsllsr's  blood-test     If  I  dpit&te  ■ 

d   after  a  time  on  a  small  filter,  it  may  be  used   I  £min  test 

i-  178).     If  the  tate conte  a  little  blood 

with  a  larger  quantity  ox  earthy  phosphatesi  then  w 

acetic  acid,  which  dissolves  the  earthy  phosphates,  and  use  the 
the  preparation  of  Tkichm \\\ '*  ha'tnin  crystals,      ii  utrary,  the 

nit  of  phosphates  b  very  small   then  first  add  a  little  CaClj  solution  to 
the  urine,  heat  to  boil&ig,  and  add  simultaneously  with  .In  potash 

lium-phosphate   solution.     In    the    pn  only    very   small 

quantities  of  blood,  first  make  the  urine  very  faintly  alkaline  with  am- 
monia, add  tannic  acid,  acidify  with  acetic  acid,  and  use  this  precipitate  in 
the  preparation  of  the  ha-min  crystals  (Struve  '). 

Haematoporphyrin.     Since  the  occurrence  of  hapmatoporphvrin 
urine  in  diseases  has  been  made  very  probable  by  several  iin* 

r/ators,  such  as  Nkussku,  SroKvrs,  MacMiixn,   ! 
.man.  and  other-,3  Salkowskj  has  positively  shown  the  present 
pi-ment  in  the  urine  after  BOlphonal   intoxication.     It    was   fir;-; 
in   a  pure,  crystalline  state  by    IIamm akstkx  3   from   the   ui 
.•n  after  sulphonal  intoxication.     According  to  Gabrod 
traces   of   hicmatoporphyrin    (Saillkt's    urospectriu)    occur    raj 

ual   urines.     It    is   also   found    in    the   urine   during   different   diseawa, 
although  in  small  quantities.     It  has  been  found 

l .,::!■    in   the  urine  after  the  lengthy  use  ol 

Trine  containing  hamatoporphyrin  is  sometimes  only  slightly  c>i 
while  in  other  cases,  as  for  example  after  the  use  of  sulphonyl,  it  is  more 
less  deep  red.     The  color  depends  in  these  last-m 
part,   not  upon   the  hajmatoporphyrin,   but  up  red   Oi 

br"  -nt>  which  have  not  been  sufl 

1  Zeitsenr  f  anal  Cham.,  n. 

1  A  vcrv  complete  index  of  the  literature  "n  h  I  Hi.iiojxirphyrin  in  the  urine  n»T  t* 
I  in  1L  Zoja,  Su  qualche  pigmento  di  alcunc    nin.  .  eti  h.  Ital.  .1 

Wed  . 

'  Sulkowski,  Zeitachr.  f.  phyaiol.  Cham.,  15;  ETamma  and  Arch  f.  Physiol. 1 

'Uarrod,  Journ.  of  Physiol.,  13  (contains  review  of  literature)  and  1";    SailH 

Rsvna  de  medecine.  1'-. 
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In  the  detection  of  small  quantities  of  rurmatoporphyrin   proceed  as 

sted  by  GaRROD.     Precipitate  the  urine;  with  a  10  per  cent  caustic-soda 

>!     l'')  «•.  c.  for  every  100  c.  0.  of  urine).     The  phosphate  precipitate 

containing  the  pigment  is  absolved  in  alcohol-hydrochloric  acid  (15-20  e.  C  ) 

the  solution  investigated  by  the  aDectroeeope.    In  more  exact  inves- 

make  the  solution  alkaline  with  ammonia,  add  enough  acetic  acid 

<•  the  phosphate  precipitate,  shake  with  chloroform,  which  takes 

up  !'  i  at,  SOd  test  this  Solution  With  the  spectroscope. 

In  roe  ities  of  hmm&toporphyrin  the  urine  is 

first  precipitated,  according   to  SalkowbkZj   with   an   alkaline  bar 
chloride  solution  (a  mixture  of  equal  volumes  of  barium-hydrate  solution, 
saturated  in  the  cold,  and  a  10  per  cent  barium-chloride  solution), OT,  accord- 
ing to  HaMMaRSTUN.1  With  a  barium-acetate  solution.     The  washed 

tate,  which  contains  the  haematoporphyrin,  ifl  allowed  to  stand 
time  at  the  temperature  of  the  room  •■.  .i,oi  containing  hydrochloric 

itphurle  acid  and  then  filtered.    The  filtrate  shows  the  charactc 
spectrum  of  i-oq)hyrin  in  acid  solution  and  gives  the  spectrum 

Ikaline    ha'tnatoporphyrin    after   saturation    with    ammonia.     If    the 
ilic  solution  is  mixed  with  chloroform  and  a  large  quantity  of  water 

d    :\w\   carefully  shaken,  sometimes  a  lower  layer  of  chloroform   is 
Obtained    Which    contains    very    pure    ha'm.'itoporphyriu.    while    the    D 
layer  of  alcohol  and  water  contains  the  other  pigments  besides  some  h:cma- 
toporphyrin. 

bar  methods  which  have  no  advantage  over  this  one  of  Garroo  have  been 

-ted  by  Riva  and  Zoja  as  well  as  Saillet.3 

Bai  msiauk*  found  in  a  case  of   leprosy  two  characteristic  colorinc-matters 

in  the  urine,  '  urorubroluematin"'  and  "  urofuscohxematm.    whleh,  as  their  names 

i  to  stand  in  close  relationship  to  the  blood-oolormg  matn-r-.     I  i ■- 

rubroh'i'iiiitui,  C,,H.,.\,Ir.,0.,l,  contains  iron  and  shows  in  acid  dilution  an  absort>- 
tiou-band  in  front  of  D  and  a  broader  one  back  of  D.  In  alkaline  solution  it 
shows  four  bands — behind  D,  at  E.  beyond  Fr  and  behind  0.    It  is  not  soluble 

either  in  water,  alcohol,  ether,  or  chloroform.     It  gives  a  beautiful  browni. 
Don-di'  'hrmtic  squid  with  alkalies.      L'rofu*r.vhir  matin,  C^HngNJO^g  which  is  free 
from  iron,  shows  DO  characteristic  spec tnun;    it    dissolves  m  alkalies,  |»r< during 
a  brown  color.     It  remains  to  be  proved  whether  tli  pigments  are  related 

to  (impure)  luematoporphyrin. 

Melanin.     In   the    presence   of  me'anotic   cancers  dark   pigments  are  somo- 
times  I  with  the  mine.      K.  Mornsb  has  isolated  two  pigments  from  such 

a  urine,  of  irhieh  ODS  WM  .soluble  in  warm  ."»<>  7~>  j*er  rent  acetic  acid  and  the 
other,  on  the  contrary,  was  insoluble.  The  one  seemed  to  be  phymutnrhn-ui  (Sflfl 
Chapter  XVI).      Usually  the  uriti  I   on  tain  any  melanin,  but  a  chromo- 

In   BUCh  eases  thfl   urine   soves   BlSLBT' 
Doing  dark-colored  With   oxidizing  agents  such  as  concentrated    nitric  acid, 
dum    bichromate    and    sulphuric    acid,  as  well  as  with  free  sulphuric  acid. 
containing  melanin   or   melanogen    is   colored    black   by  8    ferric-chloride 
solut  OH    v.  J  \Ksnr  ■), 

Urorosein,  so  named  by  Nfstki,1  is  a  urinary  coloring-ma  iter   occurring   in 

1  Salkowski,  1.  c. ;    Hammareten,  1.  c. 

•  Riva  and  Zoja,  Maly's  Jahreaber.,  24;  Saillet,  L  c.    See  also  Nebelthau,  Zoitschr. 
f.   phy-iul    ('hem,,  27. 
1  Pfluger's  Arch.,  ». 

«K    M-.nier,  Z«itschr.  f  physio!   Chen.,  11;  v.  Jakach,  ibid.,  18. 
»  N'eneki  and  So-t-.-r.  Joum.  t.  prakt.  Chem.  (N.  F.),  26. 
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various  diseases,  but  which  is  not  a  constituent  of  normal  urine.  The  pigment 
does  not  occur  preformed  in  the  urine,  but  first  makes  its  appearance  after  the 
addition  of  mineral  acids.  It  is  readily  soluble  in  water,  dilute  mineral  acids,  ethyl 
and  amyl  alcohol,  and  can  be  removed  from  the  acid  urine  by  shaking;  with  the 
It  differs  from  indigo  red  in  the  following:  Alkalies  immediately  decolor- 
iue  a  urorosein  solution,  but  not  an  indigo-red  solution.  Urorosein  is  removed 
from  its  ;i:.Mvl-;ilr  hoi  solution  by  shaking  with  dilute  alkali,  while  indigo  red  i 
If  the  acid  urine  is  shaken  with  chloroform,  indigo  r>  Q  up,  but  not  uroro- 

sein. Urorosein  is  soon  decomposed  by  light  and  shows  a  sharply  denned  absorp- 
t  ion-band  belwueu  1)  and  /•?.  The  red  pigment  appearing  in  urine*  rich  in  skatol 
after  the  addition  of  hydrochloric  add  differs  from  urorosein  by  being  insoluble 
in  water,  but  readily  soluble  in  other  and  chloroform.  The  statement*  in 
regard  to  the  properties  of  skatol  red  are  somewhat  divergent  and  it  is  there- 
fore difficult  to  state  a  positive  difference  between  urorosein  and  skatol  red. 

Pus  occurs  in  the  urine  in  different  inflammatory  affections,  especially 
in  catarrh  of  the  bladder  and  in  inflammation  of  the  pelvis  of  till 
Of  the  urethra. 

Pus  w  best  <l<t  means  of  the  microscope.     The  pus-cells  are 

rather  easily  destroyed  in  alkaline  urines.  In  detecting  pUfl  we  make  use 
of  Doxn£\s  pus  test,  which  is  performed  in  the  following  way:  Pour 
off  &e  urine  from  the  sediment  BS  carefully  as  possible,  pi." 
caustat  alkali  on  the  sediment,  and  stir.  If  the  pus-cells  hav--  not  bern 
pn  viousfy  charmed,  the  sediment  is  converted  by  this  means  into  a  slimy 
tough  mass. 

The  pus-corpuscles  swell  up  in  alkaline  urines,  dissolve,  or  at  least  are 
so  changed  that  they  cannot  be  recognized  m  roe.    The 

urine  in  these  cases  is  more  or  less  fibrous,  and  the  proteid  can  be 

precipitated  in  large  flakes  by  acetic  acid,  so  that  it  rnigh 
taken  for  mucin.     The  closer  investigation  of  the  precipitate  produc 
id,  and  especially  the  appearance  or  non-appearance  of  a  red' 
substance  after  boiling  it  with  a  mineral  ax-id,  demonstrates  the  nati 
the  precipitated  substance.     Urine  containing  pus  always  contains  protad. 

Bile-acids.     The  reports  in  regard  to  the  occurrence  of  bile-acids  in  the 
mine  under  physiol Qgioal  conditions  do  not  agree.     According  to  Dk 
DOBFV  and   Hone  traces  of  bile-acids  occur  in  the  urine;    according  to 
Mackay  and  v.  Udranszky  and  K.  Morxer  '  the]  do  not,    Pathologirafly 

ire  present  in  the  urine  in  hepatogenic  icterus,  although  not  invar; 

Detection  of  Bile-acids  in  the   Urine.     PlTTTBNKOPBa'a  test  gives  the 
most  reaction;   but  at  similar  color  reactions  with  i 

bodies,  it  miH  be  supplement!  "iscopic  investigation.    The 

dim  bile-acids  is  easily  performed  after  the  addition  of  tm 

bile  to  a  normal  urine.  But  the  direct  detection  in  a  colored  icteric  urine 
fa  more  difficult  and  gives  very  misleading  results;  the  bile-acid  must  there- 
fore 1  from  the  urine.      This  may  be  done  by  the  foil 

which  is  slightly  modified  in  not 

11,  ier's   METHOD.      Concentrate   the   urine   and    extra 

,"  with  strong  alrohol.    The  filtrate  is  freed  from  alcohol  by  evap- 
oration and  I  i  ipitated  by  basic  lead  acetate  and  an  The 
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washed  precipitate  is  treated  with  boiling  alcohol,  filtered  hot,  theft] 
treated  with  a  few  drops  of  soda  solution,  an  I  to  dryness.      The 

dry  residue  is  ad  with  absolute  alcob>i.  altered,  and  u  ozoeai  of 

ether  added.    The  amorphous  or,  after  a  longer  time,  crystalline   pn  i 
tate*  of  the  alkali  salts  of  the  biliary  acids  is  u 

l'K.TTKNKOKKK  'fl    te-t  . 

Haycratt  has  suggested  a  reaction  for  clinical  purposes  which  consists  in 
nrinklini  pbur  upon  the  urine.     In  icteric  urine  the  powder  quickly 

to  the  bottom,  while  in  normal  urine  it  remains  on  the  surface.    The  value 
of  this  test  is  still  questioned. 

Bile-pigments  occur   in  the  urine   in   different   forms  of   icterus.     A 
urine    containing    bUe-frfgUUUll    is    always    BbnonnaHj     colored — yellow, 
iwiafa  brown,  deep  brown,  greenish  yellow,  greenish  brown,  or  nearly 
pure  green.      On  shaking  it  froths  and  the  bubbles  are  yellow  Of  yeDowisfa 
green  in  color.     As  a  rule  icteric  urine  is  somewhat  cloudy,  and  the  sedi- 
is  frequent!  ially  when  it  contains  epithelium-cells,  rather 

strongly   colored   by    the   bile-pigments.     In   regard    to    the   OOCUnenos  of 
urobilin  in  icteric  urine  see  p.  517. 

Detection  of  liilr-roloriru/  Matters  in  Urine.  Many  tests  have  been  pro- 
posed for  the  detection  Of  these  substances.  Ordinarily  we  obtain  the 
best  results  either  with  Gmelin's  or  with  Huppert's  t< 

(Jmklin's  fat  may  be  applied  directly  to  the  urine;  but  it  is  better  to 
use  Rosenbach's  modification.  Kilter  the  urine  through  a  very  small  filter, 
which  becomes  deeply  colored  from  the  retained  epithelium-ceOs  and  bodies 
of  that  nature.  After  the  liquid  has  entirely  passed  through  apply  to  the 
■  of  the  filter  a  drop  of  nitric  acid  which  contains  on]]  very  little 
nitrous  acid.  A  pale-yellow  spot  will  be  formed  which  ifl  BUXTOlinded  by 
colored  rings  which  appear  yellowish  red,  violet,  blue,  and  green  from 
within  outward.     This  modification  is  very  delicate,  and  ily  possi- 

ble to  mistake  indican  and  other  coloring-matters  for  the  bile-pigments. 
Several  other  modifications  of  (Imki.in's  direct  test,  e.g.,  with  concentrated 
sulphuric   acid,  nitrate,  etc.,    have   been    proposed,  but   they   are  n< 
simpler  nor  more  <lcli  ..ir  than    Efol     miaou's  modification. 

HUFPEBT's  Hmctum.     In  a  dark-eolnred   urine  or  one  rich  in  indican 
good  results  are  not  always  obtained  with  Gmf.lin's  test.      In  such  cases, 
as  also  in  urines  containing  blood-coloring  matters  at  the  same  time,  the 
urine  Ls  treated  with  lime-water,  or  first  with  some  CaCI,  solut 
with  a  solution  of  soda  or  ammonium  carbonate.     The  precipitate  which 

bile-coloring  matters  is  filtered,  washed,  dissolved  in  at 
a  lii<-h  contains  5  c.  o.  of  concentrated  hydrochloric  acid  in  100c.  o.  (I.  Muhk), 
and   healed   to  boiling  when  the  solution  becomes  green  or  bluish  green. 
ling    to  Nakayama  '  this    reaction  ifl  more  delicate  on  using  a  mix- 
tme  of  ferric  chloride,  acid,  and  alcohol. 

HAMMABSTBM  'fl  /i'<  action.  For  ordinary  cases  it  is  sufficient  to  add  a  few 
drops  of  urine  to  about  2-3  c.  e.  of  the  reagent  (sec  pagfl  271),  when  the 
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1  Murik,  Pu  Bois-Reymond 'a  Arch..  1898;    Xaknyaraa.  Zeitsclm   f    phyriol  Chen)  . 


ore  Immediately  after  shaking  turns  a  beautiful  green  or  bluish  l 
which  OOloT  remains  fur  several  flays.     In  the  presence  of  only  very  small 
-inns  of   bile-pigments,  especially  when  buft  s  are 

simultaneously  present,  poor  about    10  B.  0.  of  the  acid  or  nearly  neutral 
(nut.  alkaline)  urine  into  the  tube  of  a  Bmail  centrifugal  machine  and  add 
BaClj  solution  and  centrifuge  fur  about  one  minute.     The  liquid  i- 
off  and  {he  Sediment  Starred  with  about   1  C  C  of  the   reagent  and  u 
fuged  again.     A  beautiful  green  BOlution  is  obtained,  which  may  l>e  changed 
by  the  addition  of  increased  quantities  of  the  acid  mixture  to  blue,  \ 

lish  yellow.     The  green  color  may  be  obtained  in  the  presence 
of   1    part  bile-pigment  in  500,000-1,000,000  parts  urine.     In  the  pn 
of  large  amounts  of  other  piga  calcium  chloride  Ls  better  suited  than 

barium  chloride 

BomCA9   lias  suggested  the   use  of   alcohol  containing   ferric  chloride 
m     Iroehloric  acid  Instead  of  the  flb  tioned  add  mixture. 

I'll.-  very  delicate  reai  tioo  bj  luggi  ted  by  Jollsb  is  unfortunately  not 
serviceable  On  aOOOUnt  of  the  formation  of  frntl  lly  in  the  pre 

of  proteid  and  blood-pigments:  but  he  has  changed       I        .-ntrifuging  the 
urine  with  chloroform  and  barium  chloride  and  suspending  the  el 
barium  residue  In  alcohol;  after  which  he  treats  it  with  a  solution  of  iodine 
and  i  bol  containing  hydrochloric  acid.'    The  color 

becomes  green  or  bhuah  green.    Thia  test  seemstobegoodi 

Stokvis's  reaction  t  i        iaUs   valuable  as  a  control  test  in  those  cases 
in  which  the  urine  contains  only  very  little  bile-coloring  matter  together 
with   larger  quantities  of  other  coloring-matters.      The  test   is   perf. 
as  folloWB:    20-30  C  C.  Of  urine  is  treated  w  ith  5-10  C.  «'.  «.f  a  .solution  of  lhc 

acetate  (1:6).  The  precipitate  is  washed  on  a  small  filter  with  water  and 
then  dissolved  in  a  Utile  ammonia.  The  new  filtrate  gives,  either  directly 
or  after  it  has  stood  a  short  time  In  toe  air  until  It  hat  a  peci  lieu  I 

green  color,  the  absorption  bunds  o  page  272).     This  reac- 

tion is  unfortunately  not  suffic  ate. 

Many  other  reactions  for  bil  ig  matters  in  the  urine  have  been 

proposed;  but  as  those  above  mention.  «l  are  sufficient,  it  is  per! 

esary  to  give  here  a  few  of  the  other  reactions  without  entering  into 
details. 

Smith's  Reaction.  Pour  carefully  over  the  urine  some  tincture  of  iodine, 
whereby  a  green  ring  appears  between  the  two  liquids.    The  urine  may  also  be 

i  ii  with  the  tincture  of  iodine  until  it  has  ..lor. 

Ensues 's  '/'•'•     Rrsl  mix  the  urine  w  qua!  volume  of  dilute  ai 

acid    and    then  add  drop  by  drop  u  solution  of  BUlphodu 

mixture    Incomes  dark  red  in  the  preaence  of  bilirubin,  and  this  rolnr  heroines 

bluish-viiilH  on  the  addition  of  glacial  acetic  acid.    The  sulphodia 

parad  by  mixing  I  gi  ilphaoilic  acid,  15c.  c.of  hydrochloric  acid,  ai  • 

of  sodium  nitrite-:  this  solution  is  dilute*!  to  1  liter  with  water.    This 

successful  rve  When  directly  applied  if  the  urine  is  rieh  in  othl  r 

Medicinal  coloring-matters  produced  from  santonin,  rhubarb,  set 
may  give  an  abnormal  color  to  the  ui  may  be  mistaken  fo 

or.'i  perhaps  for  blood-coloring   matters.     If   hydroi 

is  added  to  such  B  urine,  it  becomes  yellow  or  pale  yellow,  while  on   the  addi- 
tion of  an  excess  of  alkali  it  takes  on  a  mon  iful  red  color. 

!  i  kailaofa   mad    Woehensehi 
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Sugar  in  Urine. 

The  occurrence  of  traces  of  dextrose  in  the  urine  of  perfectly  healthy 

persons  has  been,  as  above  stated  (page  521),  quite  positively  proved,     If 

sugar  appears  in  the  urine  in  constant  and  especially  in  large  quantities,  it 

must  be  considered  as  an  abnormal  constituent     In  a  previous  chapter 

■d  of  the  principal  causes  of  iria  in  man  and  animals 

,  and  the  reader  at  referred  to  Chapters  VIII  and  IX  for  tin: 

nnal  facts  in  regard  to  the  appearan. •>•■  of  sugar  in  the  urine. 

In  man  the  up]  <  c  in  the  urine  ha-  been. obaui'ved  under 

various  pathological  condition.-;,  such  is  lesions  of  the  brain  and  especially 

I  lulla  oblongata,  abnorrnal  circulation  in  the  abdomen,  diseases 

of  the  heart,  lungs,  and   liver,  cholera,   and  many  other  diseases.     The 

i   in   human  urine,  sometimes  in  very  consider- 
able quantities,  occurs  in   uiauktks  mi.i.i.itks,.     In  this  disease  there  may 
it  ion  of  1  kilogram  or  even  more  of  dextrose  pel  In 

lining  "1"  tlie  disease,  v.  hen  the  quantity  of  sugar  i^  still  very  small, 
fften  does  not  appear  abnormal.     In  the  more  developed,  typical 
quantity  of  urine  voided  increases  considerably,  to  3-0-10  liters 
per  day.    The  percentage  of  the  physiological  constituents  is  as  a  rule  very 
while  their  absolute  daily  quantity   is  increased.     The  urine  Is  pale, 
but  of  a  high  specific  gravity,  1  (»:;<)  1.040  or  even  higher.     Tin-  high 
effie  gravity   d  upon   the  quantity   of  sugar  present,   which    varies 

in    different  cases,   but  may   reach    10  per  cent.      The    urine   is  therefore 
characterized  in  typical  cases  of  diabetes  by  the  vary  large  quantity  voided, 
•ale  color  and  high  specific  gravity,  and  by  its  containing  sugar. 
That  the  urine  after  the  Introduction  into  the  system  of  certain  medic- 
inal agents  or  poisonous  bochsf   oontai   ■   reducing  Bubsti 
glucuronic  acids,  winch  may  be  mistaki  n  for  sugar,  has  already  been  mon- 
ad. 

The  properties  and  reactions  of  dextrose  bscve  been  considered  in  a  prc- 
chafyter,  and  it  remains  but  to  mention  the   :i.  thods  of  detection  and 
<juan  urination  of  dextrose  in  the  urine. 

The  detection  of  sugar  in  the  urine  ifl  ordinarily,  in  the  presence  of 
too  small  quantities,  a  very  simple  task.    The  presence  of  only  verj     mill 
<juan  '  netimes  veiy  difficult  and  laboi 

A  urine  containing  proteid  must  first,  have  the  proteid  removed  i 

ion  with  acetic  acid  and  heat  before  it  GBO  be  tested  for  sugar. 

The  tests  which  are  most,  frequently  employed  and  are  especial!] 
mended  areas  follows: 

TSbQUKEB's  Teat.     In  B  typical  diabetic  nrine  or  one  rich  in  sugar  this 

well,  and  it  may  be  performed  in  the  manner  suggested  on 

page  94.    Thi-  test  mag  lead  to  very  great  mistakes  in  urines  ]>oor  in  sugar, 

especially  when  the .  1m   .  at  the  same  time  normal  or  increased  amounts  of 


physiological  constituents,  and  therefore  it  cannot  be  recommended  to 
oa  or  to  persons  inexperienced  in  such  work.     Normal  urine  con- 
tains reducing  substances,  such  as  uric  acid,  creatinine,  and  others,  and 
tore  a  reduction  takes  place  in  all  urines  on  using  this  test.     A  separa- 
tion of  copper  suboxide  doefl  not  generally  occur,  but  still  if  one  vanes  the 
•  rtion  of  th«*  alkali  to  the  copper  sulphate  and  '  place 

an  actual  separation  of  suboxide  m  normal  urines,  or  a  j>eeuliar  yeBo 
red  liquid  due  to  finely  divided  cuprous  hydrate.  This  occurs  especially 
on  tin-  addition  of  much  alkali  or  too  mueb  oopper  sulphate,  and  by  rarelea 
manipulation  tin  inexperienced  worker  may  therefore  sometime*  obtain 
apparently  positive  results  in  a  normal  urine.  On  the  other  hand,  as  the 
urine  contains  sul>stanees,  such  BS  creatinine  and  ammonia  (from  the 
urea),  which  in  l  he  presence  of  only  a  little  sugar  may  keep  the  copper 

ide  in  solution,  the  investigator  may  easily  overlook  small  quaxr 
of  sugar  that  may  be  present. 

Tk'imv:  :  may  of  course  be  made  positive  and  useful,  even  in  the 

presence  of  very  small  amounts  of  sugar,  by  using  the  modifies 
gested  by  Worm  Mtllkk.    As  this  modification  i-  rather  oomphealsj 
and  requires  much  practice  and  exactness,  it  b  probably  rarely  amp 
by  the  busy  physician.    The  following  test  is  to  be  preferred. 

Al  .-math   !..-!.  -.vluel,    n-.-r-ntly  has  D  |    .,     h  [fed  NtLAN- 

der's  test,  is  performed  with  the  alkaline  bismuth  solution  prepared  as 
above  described  (page  94).    For  each  test  10  <•.  o.  of  urine  i  and 

ted  with  l  <*.  i  i   bismuth  solution  and  boiled  for  a  few 

In  the  presence  of  sugar  the  urine  becomes  darker  yellow  or  yellowish 
brown*     Then  it  grows  darker,  cloudy,  dark  brown,  or  nearly  black,  awl 
non-transparent.     After  a  longer  or  shorter  time  a  black  de| 
the  supernatant  liquid  gradually  clears,  but  still  remains  colored.     U 

ftfOOCnoe  of  only  very  lit  1 1  o  sugar  the  test  does   not  become  black  or  dark 
imwii,  bin   si  - ;  1 1  •  1  >    deeper  colored,  and  ome  tin.- 

Been  on  the  Upper  laytt  of  the  phosphate  precipitate  a  dark  or  black 
(of  biniiutti?).     In  the  pp  k  oe  of  much  sugar  a  larger  amoi 
reagent  may  be  used  without  disadvantage.    In  a  urine  poor  in  - 
o.  of  the  reagent  for  every  10  c.  c.  of  the  urine  mu 
This  test  shows  the  presence  of    0.5  |  gar  in  tl 

>t    error  which  interfere  in  TnotOfJ  t,  such   BS  the 

of  uric  acid  and  creatinine,  entirely  disappear  here.     The  bismutl 
more  easily  performed,  and  it    is  therefore  to  be   neOO 

the  physician.    Small  quantities  of  proteid  do  not  interfere  with 
large  quantities  mi  er  give  rise  to  an  error  by  forminj 

phide,  and  th<  is  better  to  remove  the  proteid  bj  coaguli 

In  using  this  method  it  must  not  be  overlooked  that  it  is,  like 
BIER'S  test,  a  reduction    test,  and   consequently  may  show. 

.in  other  reducing  substances.    Such  bodies  are  various  conju 
glucuronic  acids  which  may  appear  in  the  ui  stive  res 

lined  with  the  bismuth  i< 
medicinal  agents,  such  as  rhubarb,  senna,  antipyrine.  kairin, 
and  others.     From  this  it  follows  thai  we  should  nev< 
with  this  test  alone,  especially  when  the  reducti 

gives  nc  --iilts  the  urine  can  be  considered  I 

standpoint  as  free  from  sugar,  and  when  it  gives  po 
applied.    Among  these  the  fermentatio 
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Fermentation  Test.  On  using  this  test  the  process  must  vary  accord- 
ing as  the  bismuth  test  shows  small  or  large  quantities.  If  a  re 
Strong  reduction  ■  obtained,  the  urine  may  be  treated  with  yeast  and  the 
presence  of  sugar  determined  by  the  generation  of  carbon  dioxide.  In 
this  Cfl88  the  acid  urine,  or  that  faintly  acidified  with  tartaric  acid,  is 
treated  with  yeast  which  has  previously  been  washed  by  decantation 

r.     Pour  this  urine  to  which  the  yetst  has  been  added  into  a  Schkot- 

l  gas-burette,  or  glass  tube  with  the  open  end  ground,  close  with  the 

thumb,  and  open  under  the  surface  of  mercury  contained  in  a  dish.    As 

proceeds,  the  carbon  dioxide  collect!  In  theiippei  parte! 

the  tube,  while  a  corresponding  quantity  of  liquid  is  expelled  Below.     As 

Dtrol  in  this  case  two  similar  testa  must  be  made,  one  with  normal 

urine  and  yeast  to  learn  the  quantity  of  gas  usually  developed,  and  the 

other   with   a   sugar  solution    and    yeast   to   determine   the  activity  of 

yeast. 

If.  on    the  contrary,  only  a  faint   reduction  with   the   bismuth   test    is 
Otivs  conclusion  can  be  drawn  from  the  ah-ence  of  any  carbon 
dioxide  Of    the   appearance  of  a   vary   insignificant   quantity.     The    urine 
absorbs  '  'le  aim  amis  of  carbon  dioxide,   and  in  the  D» 

only    small    amounts    of    sugar    the    ferment  at  inn    test    as    above    per- 
formed may  lead  to  Di  or  inaccurate  results.     In  this  case  proceed 
in  the  following  way:     Treat  the  aeid  urine,  or  the  urine  which  has 
faintly  acidified  with  tartaric  acid,  with  yeast  whose  activity   ' 
tested  by  a  special  test  on  a  sugar  solution,  and  allow  it  to  stand  '..' 
hours  at  the  temperature  of  the  room,  or.  better,  at  a  little  higher  tem- 
perature.    Then  test  again   with   tin-  bismuth   test,  and  if  the  reaction 
now  gives  negative  results,  then  sugar  was  previously  present.     But  if  the 
00   continues  to  give  positive  results,    then    it   shows,  if  the  yea-t    is 
active,  the  presence  Of  Other  reducing,  unfennen table  substances.     There 
remains  of  course  the  possibility  that  the  urine  also  contains  some  sugar 
besides  these  bodies.    This  possibility  may  be  determined  by  the  follow- 
ing I 

Fhentfhydrazine  Test.    According  to  v.  Jaxscb  this  test  is  performed 
in  the  following  way:    Add  in  a  test-tube  containing  8  10  0.  0,  "f  the  urine 
two  knife-points  of  phenyihydraxine  hydrochloride  and  three  knife-points 
•tate,  and  when  ning   add 

more  water.     The    test-tube    is   placed    in    boiling   water   and   we 
lbs   water-bath.      It    is    then    placed    in   a  of    old  water.     If  the 

quantity  of  sugar   present   is   not    tOfi   -mall,  a  yellow  crystalline  precipi- 
tate is  now  obtained.     If  the  precipitate  appears  amorphous,  then 
found,  oo  at  it  under  the  microscope,  *  i  dies  singly  and  in 

groups.  If  very  tittle  sugar  is  present,  pour  the  test  into  a  conical  glass 
orient.  In  this  ease  at  least  a  few  phenyiglucoBaaone 
crystals  are  found,  while  the  occurrence  of  larger  and  smaller  yellow  plates 
or  highly  refractive  brown  globules  does  not  show  the  presence  of  sugar. 
This  reaction  is  very  reliable,  and  by  it  the  presence  of  0.3  p.  m.  sugar  can 

').       In    doubtful    cases   where    certainty 
is  desired,  prepare  the  crystals  from  a  large  quantity  of  urine,  dissolve  them 


1  Rosenfeld,  Deutech.  uicd.  Wochenschr.,  1888;   Geyer,  cited  from  Roos,  Zeitachr. 
f.  physiol.  Chem.  15. 


564 


URIXE. 


on  the  filter  by  pouring  oveor  them  hot  alcohol,  treat  the  filtrate  with  water. 
and  boil  off  the  alcohol.     Still  better,  the  precipitate  is  dissolved,  accord- 
ing to  Neubbrg,  in  BOme  pyridine  and  again  precipitated  as  crystals  b 
addition  of  benzene,  ligroin,  or  ether.    If  the  characteristic  yellow  h] 
One  needles,  whose  melting-point  (20  b  205°  C.)  may  also  be  determined,  are 
now  obtainedj  thee  thii  U  iahre  for  the  presence  of  simar     i 

in.t  be  fargi  tten  that  bevuloee  rive-  the  seme  osacone  as  dextrose 
that  a  further  invest  Ration  is  necessary  in  certain  cases. 

The  following  modification  by  A.  Neumann  '  i  <1,  and 

at  the  same  fci  eiently  delicate.    6  C.  C.  of  tin-  will 

2  c.  C,  of  acetic  acid  (30  per  cent)  saturated  with  sodium  act 
of  pure  phenylhydrazme  added  and  (he  mixture  boiled  in  a  test-tub 

it  measures  3  c,  <-.    After  quickly  cooling  warm  again  and  then  allov. 
cool  After  5-10  minutes  beautifully  formed  crystals  are  obtained 

even  in   the  presence  of  only  0.2  p.  m.  sugar. 

value  of  the  pi uny | hydrazine  test  ha*  been  <•< 'nsidcrably  debated, 
u  made  that  glucuronic  arid  also  gives  a  .-1 
precipitate.     A  .unli.unding  with  glucuronic  acid  is,  ace. 
not  to  be  apprehended  when  the  lest  is  not  heated  m  the  waU 
.short  a  time  (one  hour).     Kistkkma.w  found  this  precaution  in 
and    Ihms    states    that  henylhvdrazin    test    always   gives   a   pi 

Lt  with  human  urine,  which  coincides  with  1'..  HoLMGBJ  and  HaM- 

icab  rienoe.     Tbia  teal   onlj   shows  a  □  ical  quan- 

when   a   rather  abundant  crystallization    B  obtained  from  I 
D  quantity  of  urine  (about  5  c.  c.i. 

Kir  |   i     performed   B8  follows:     The  urine  is   prrripit; 

of  a  concentrated  lead-acetate  solution  and  the  filtrate  can 
treated  with  enough  ammonia  to  produce  a.  Ji< 

then  heated  to  boiling,  when  the  precipitate  becomes  flesh-colored  or  pink 
in  the  presence  of  sugl 

■ivrtion.     Thi  of  great  value,  especially  as  in  many  cases  it 

quickly  differentiates  between  •  and  other  reducis 

uch  as  the  conjugated  glucuronic  acids.      In  the  pn 

very  little  sugar  the  value  of  this  test  depends  on  the  delicacy  of  I 

mem  and  the  dexterity  of  the  observer;   therefore  this  method  is  perhaps 

inferior  in  must   cases  to  the  bismuth  or  the  phmylhydrazine  tost. 

If  smalt  quantities  of  sugar  are  to  be  isolated  from  tl 
the  urine  first  with  sugar  of  lead,  filter,  precipitate  th  with  am- 

nioriiaeal  basic  !• :  e,  wash  this  |  ith  watei 

with  IlrS  when  susp<  r.  concentrate  the  filtrate,   tn.-at   it 

Strong  alcohol  until  it.  is  80  vol.  per  cent,  filter  when  neces 
an  alcoholic  caustic-alkali  solution.     Dissolve  the  precipitate  con 
saccharata  in  s  little  water,  precipitate  the  potash  by  an  ex< 
add,  neutralize  the  filtrate  with  calcium  carbonate  in  the  cold,  . 
The  Hit r :  be  used  fur  testing  with  the  polariscope  as  well 

fermentation,  bismuth,  and  phenymydrasine  tests.    The  pn 
trose  may  b<  same  process  in  animal  fluids  or  tissues  from 

1  Arch.  f.  CAnat  ttO  Physiol.,  1899, 8uppL  Bee  uko  Margulies.  Berlin,  klin.  Woehco- 
•chr.,  1900 

'  Ilirx-lil,  ZeHsebr.  f.  physiol.  Chem.,  L4;  Kistermann,  Deutach  Arch.  f.  klin. 
Med.,  50;   Roos,  1.  c;    Holmgren,  Maly's  Jahresber.,  17 
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the  proteids  have  been  removed  by  coagulation  or  by  the  addition 
of  alcohol. 

In  the  isolation  of  sugar  and  rarboh  yd  rates  from  the  urine  the  benzoic- 
arid  CBtera  of  the  same  may  be  prepared  a'-onling  to  Kalmanns  method. 
The  urine  fa  made  alkaline  with  '"in.-'.ir  BOdfl  bo  precipitate  the  earthy  . 

.:   filtrate  treated  with  10  C.  e.  of  !><!  n.l.-.md    120 0.  C.  of  10 

caustic-soda  solution  for  every  100  c.  -  .    i  the  filtrate (Reinro 
and   shaken   until  *   of   benzoyl    chloride   hai   disappeared.     After 

standing:  ly  long  the  ester  i  d,  finely  dlvid  sponified 

with  an  alcoholic  solution  ot  sodium  ethylate  in  the  cold  according  to. 
method)9  and  the  various  carbohydrates  separated  accordin 
on. 
T.  i  bbe  UD,  who  naturally  wants  simple  and  quick  methods, 

bismuth  test  is  especially  to  be  recommended.     If  (Hut  I  ptive 

:ine  is  to  be  considered  as  free  from  sugar  in  a  clinical  sense. 
If   it    gives   positive  resuItB,   the  pit  E  SOgar  must  l>e  controlled  by 

othn  -ally  by  the  fn mentation  test. 

Other  tests  for  sugar,  as,  for  example,  the  reaction  with  orthonitrophenvl- 

olic  actd,  picric  acid    diasobenswae-sulphonie  add.  an-  superfluous.    Ins 
h  a      phthol,  which  i.-.  a  reaota  w  for  carbohydrates  in  general,  For 
glucuronic  acid  and  mucin,  may.  because  of  fa  extreme  de 

v.,  and  is  Mm  ;    b    ri  '■  o  mended  to  physicians.    Normal  urines 

and  if  the  strongly  dilated  urine  gives  this  reaction  the   pn 
i    I    of   large  quantities  ol  caibonydrstea.     In  these  esses  more 
positive  results  are  obtained    by  using  other  testa     Xms  test    reou 
cleanliness, and  it  has  this  inconvenience,  thai  M  is  rerytfimcult  to  get  sufficiently 
pure  sulphuric  acid.    Several  invetugators,  such  si  v.  DdbArskt,  I.ithkk.  I 

and    TaatmBL,'  have  invest  i  pa  ted    tin-  test    b    regard    to  its   applicability  as  an 
approximate  test  for  carbohydrates  in  the  urine. 

Quantitative  Determination  of  Sugar  in  tin    I  rins.    The  urine  for  such 
an  estimation  must  first  be  tested  forprotedd,  to 
be  removed  by  coagulation  and  the  addition  of  acetic  aod,  oare  being  fa 
not  tO  increase  or  dimmish  the  original  volume  of  urine.     Th  ity  <;f 

sugar  may  be  dct  by  nXBATIOM   with  I'Yuu-su 's  or  K.\a1'1''s  boIu- 

tioi  iation,  by  POLABizvnoN,  or  also  in  other  ways. 

The  titration   liquids  not  only    react   with  BUgST,   but    also  with   certain 

other  reducing  budi  tanee  ,  and  on  thia  account  me  titration  methods  give 
rather  high  results.     When  large  quantities  of  sugar  are  present,  at  in 

caJ  diabetic  urine,  which  generally  contains  B  lower  percent:! 

reducing  constituents,  this  is  indeed  of  little  account;  but  when  small  quaiH 

of  sugar  are  present  in  art  otherwise  normal  urine,  the  I 
on  the  contrary,  be  impon.  he  reducing  power  of  normal  urine  i 

correspond    to  5  p.  m.   dextrose  (Ree  page  521).      In  such  rases  the  titra- 
tion   procedure  must    be  employed  in  connection  with  the  fermentation 
method,  which  will  be  described  later.     It  Is  to  be  remarked  that  in  ty] 
diabetic  urines  with  considerable  quantities  of  sugar  the  titration  with 

ng's  solution  is  just  as  reliable  as  with  Knait's  solution.     When 
the  urine,  on  the  contrary,  contains  only  little  suyar  with  normal  amounts 

•  Pflugcr's  Arch.  91. 

« l,r.  f.  physiol.  Chem.,  19. 
1  See  Roos  and  Treupcl.  Zettsehr.  f.  physiol.  Chem.,  15  and  18. 
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of  physiolo^i  ■  iluents,  than  the  titration  with  T 

is  more,  difficult,  in  certain  cases  indeed  almost  impossible,  and  the  result* 
become  <•  rtein.     In  such  cases  KNAPp's  method  u'ivea  good  results, 

according  to  Worm  Muller  and  his  pupils.' 

The  titration  with  Feei  penda  on 

sugar  to  reduce  copper  oxide  in  alkaline  solutions.  For  this  there  was 
form  d  a  solution  which  contained  a  mix  tun  -if  . .  ;  Inhale, 

Rod'  I  sodium  or  potassium  hydrate  (1  khlp  ;  but 

id  readily  changes,  use  is  ruadeof  i  «•.  ipp.>r-sulphate  solu- 
tion itiid  an  alkaline  Rochelle-ealt  solution  prepared  separately,  and  the 
two  mixed  in  equal  volumes  before  using. 

Hie  concentration  lutioniasueh  that  10< 

this  solution  is  reduced  by  0.05  gram  of  dextrose.    The  eoppei 
solution  contains  31. r.o  grams  of  pure,  crystalled,  non-efflorescent  c< 
bhate  in  1  liter.     The  sulphnte  is  crystallized  from  a  hot  saturated  sol 
<l  stirring,  and  tin-  ■  rvstals  arc  separated  from  the 

or  and  proBBcd  between  blot  t  bur-paper  until  -In-.    The  RocheHi 
.-  prepared  by  dissolving  I7:i  grams  of  the  sail  in  350e.  c.  of 

ig  600  ''•  0.  of  I  cauatic-eoda  solution  of  a  sj itic  gravity  of  LIS 

diluting  with  water  to  1  liter.  According  to  Worm  Mi  lleb,  these  three 
liquids  -Rochcllo-salt  solution,  caustic  soda,  and  water — should  be  sepa- 
rately Uiiled  before  mixing  together.  For  each  titration  mix  in  a  small 
flask  or  porcelain  dish  exactly  10  o.  c.  of  the  copper-eulp  lotion  and 

10  e.  c.    >f  the  alkaline  llochelle-salt  Solution  and  add 

The  urine,  freed  from  prot<  dilated  with  water  befon  ration, 

so  that  10  e.  c.  of  the  copper  solution  require!  "■  and  10  c.  c.  of 

the  diluted  urine,  which  eorreqioiids  to  betw. 

sugar.    A  urine  of  a  specific  gravity  of  1.030  may  be  diluted  five  times; 
one  more  concentrate*  1.  ten  times.     The  urine  so  dfl 
burette  and  allowed  to  flow  into  the  boiling  copper-eulp 
salt  solution  until  the  copper  oxide  is  completely  reduced.    This  has  taken 
place  when,  immediately  after  boiling,  the  blue  color  of  the  solution  disap- 
It  is  very  difficult  and  requires  some  practice  to  exa<  rmine 

this  i  penally  when  the  copper  suboxide  settles  with  difficulty.    To 

detenmni  disappeared,  allow   the  copper  sub 

to  settle  b  little  below  the  I  by  the  surface  of  the  lii 

if  this  layer  is  not  blue,  I  lion  is  repeated,  adding  0.1  c.  e,  i 

urine j  and  if.  after  the  copper  suboxide  ha  uid  has  i 

.    the  titration   may  be   considered   as   completed.     iWlHMB   of  the 
iwty  in  obtaining  this  point  exactly  another  end-reaction  has  been 
suggested.     This  consists  in  filtering  immediately  after   boiling   a  small 
portion  of    the  titrated   mixture  through  a  small   filter  into   a  test -tube 
which    contains    a    little    acetic    acid    and    a   few  drops  of    pota- 
ferrocvanide    solution    and    water.     The    smallest    quantity    of    . 
shown  by  a  red  coloration.    If  the  operation  is  quickly  conduct. 
no  oxidation  of  the  suboxide  into  oxide  takes  place,   this  end-reaction  El 
of  value  for  urines  which  are  rich  in  sugar  and  poor  in  urea  and  which 

strongly  diluted  with  water.     In  urines  poor  in  suj 
the  normal  amount  of  urea  and  which  have  not  been  considerably  dilu 

derable  quantity  of  ammonia  may  be  formed  from 
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ing  the  alkaline  liquid.  This  ammonia  dissolves  the  suboxide  in  part, 
which  then  easily  passes  into  oxide,  and  besides  this  the  dissolved  sub- 
oxide gives  a  red  color  with  potassium  ferrocyanide.  In  just  those  cases 
in  which  the  titration  is  most  difficult  this  end-reaction  is  the  least  reliable. 
Practice  also  renders  it  unnecessary,  and  it  is  therefore  best  to  depend 
simply  upon  the  appearance  of  the  liquid. 

To  facilitate  the  settling  of  the  copper  suboxide'  and  thereby  clearing 
the  liquid,  Munk  *  has  lately  suggested  the  addition  of  a  little  calcium- 
chloride  solution  and  boiling  again.  A  precipitate  of  calcium  tartrate  is 
produced  which  carries  down  the  suspended  copper  suboxide  with  it,  and 
the  color  of  the  liquid  can  then  be  better  seen.  This  artifice  succeeds  in 
many  cases,  but  unfortunately  there  are  urines  in  which  the  titration  with 
Feitling  's  solution  in  no  way  gives  exact  results.  In  those  cases  in  which 
only  small  quantities  of  sugar  exist  in  a  urine  rich  in  physiological  con- 
stituents it  is  best  to  dissolve  a  very  exactly  weighed  quantity  of  pure 
dextrose  or  dextrose-sodium  chloride  in  the  urine.  The  urine  can  now  be 
strongly  diluted  with  water  and  the  titration  becomes  successful.  The  dif- 
ference between  the  sugar  added  and  that  found  by  titration  gives  the 
reducing  power  of  the  original  urine  calculated  as  dextrose. 

The  necessary  conditions  for  the  success  of  the  titration  under  all  cir- 
cumstances are,  according  to  Soxhlet,2  the  following:  The  copper-sul- 
phate and  Rochelle-salt  solution  must,  as  above,  be  diluted  to  50  c.  c.  with 
water;  the  urine  should  contain  only  between  0.5  per  cent  and  1  per  cent  of 
su^ar,  and  the  total  quantity  of  urine  required  for  the  reduction  must  be 
added  to  the  titration  liquid  at  once  and  boiled  with  it.  From  this  last 
condition  it  follows  that  the  titration  is  dependent  upon  minute  details, 
and  several  titrations  are  required  for  each  determination. 

It  is  best  to  give  here  an  example  of  the  titration.  The  proper  amount 
of  copper  sulphate  and  Rochelle-salt  solution  and  water  (total  volume =50 
c.  c.)  is  heated  to  boiling  in  a  flask;  the  color  must  remain  blue.  The  urine 
diluted  five  times  is  now  added  to  the  boiling-hot  liquid,  1  c.  c.  at  a  time; 
after  each  addition  of  urine  boil  for  a  few  seconds  and  look  for  the  appear- 
ance of  the  end-reaction.  If  one  finds,  for  example,  that  3  c.  c.  is  too  little, 
but  that  4  c.  c.  is  too  much  (the  liquid  becoming  yellowish),  then  the  urine 
has  not  been  sufficiently  diluted,  for  it  should  require  between  5  and  10  c.  c. 
of  the  urine  to  produce  the  complete  reduction.  The  urine  is  now  diluted 
ten  times,  and  it  should  require  between  6  and  8  c.  c.  for  a  total  reduction. 
Now  prepare  for  new  tests,  which  are  boiled  simultaneously  to  save  time, 
and  add  at  one  time  respectively  6,  6£,  7,  and  1\  c.  c.  of  urine.  If  it  is 
found  that  between  6£  and  7  c.  c.  are  necessary  to  produce  the  end-reac- 
tion, then  make  four  other  tests,  to  which  add  respectively  6.6,  6.7,  6.8, 
and  6.9  c.  c.  of  urine.  If  in  this  case  the  liquid  is  still  somewhat  bluish 
with  6.7  c.  c.  and  completely  decolorized  with  6.8  c.  c,  the  average  fig- 
ure 6.75  c.  c.  is  considered  as  correct. 

The  calculation  is  simple.  The  6.75  c.  c.  used  contains  0.05  gram  of 
sugar,  and  the  percentage  of  sugar  in  the  dilute  urine  is  therefore  (6.75: 0.05= 

10O:a;)  =  -g-=g=0.74.  But  as  the  urine  was  diluted  with  ten  times  its  vol- 
ume of  water,  the  undiluted  urine  contained  -——  =  7.4  per  cent.    The 

o./o 

1  Virchow's  Arch.,  105.  » Journal  f.  prakt.  Chem.  (X.  F.),  21. 
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general  formula  on  using  10  c.  c.  of  copper-sulphate  solution  is  therefore 

—r- ,  in  which  n  represents  the  number  of  times  the  urine  has  been  diluted 

and  k  the  number  of  c.  c.  of  the  diluted  urine  employed  for  the-  titration. 
The  titration  ACOOBDING  to  K\\  ds  on  the  fact,  that  r> 

idc  in  alkaline  solution  is  reduced  to  metallic  mercury  by  dextrose, 
titration    liquid   should   contain    10  grams  of  chemically 
mercuric  cyanide  and  100  C.  c.  of  caustic-soda  solution  of  a  specific  cravr 
of  1. 14.")  per  liter.    When  the  titration  fa  perfom  lesaribed  below{ac- 

l  Mn.i.i.it  and  2u  e.  e.  of  this  solution  shon 

respond  to  exactly  0.05  gram  of  dextrose.    If  the  process  is  car: 
Other  Ways,  the  value  of  the  solulioii  is  different. 

In  this  titration  also  the  quantity  of  sugar  in  the  urine  should  he  between 
}  and  1  per  cent  and  bent  of  dilution  necessary  be  den 

a  preliminary  test.    To  determine  the  end-reaction  a 

the  tei  i    i!  i    i  l,i    ;  i-uy  is  D3J  i  sulphur* 

In  performing  the  ti  !0  c.  c.  of  Kkapp'b 

into  a  flask  and  dilute  with  80  0.  C.  of  water,  or  when    il; 

ban  0.5  per  cent  of  sugar,  use  onl\    in  60  c  c.    After  this  heat 
boiling  and  allow  the'  dilute  urine  to  flow  gradually  into  the  hm 
at  first  L'  c  c,  then  I  c.  c.,  then  0  5  c.  c  .  then  0.2  C.  C,  and  I 

tar  Bach   addition   lei    it   boil    \   minute.    When   tl 
approaching,  the  liquid  begins  to  clarify  and  the  mercury  sepan 
the  phosphates.    The  end-reaction  is  determined  by  taking  I  drop 

the   liquid  into   a  capillary    tube  and  then   blown 
on  pure  white  filter-paper.     The  moist  spot  is  first  held  over  a  bo 
mining  fuming  hydrochloric  i  I   then  o  ag  sulpht 

n,    The  pre*    ci   "f  a  minimum  quantity  <>f  mercur 
shown  by  the  spot  becoming  yellowish,  which  i 
■mpared  with  a  second  spot  that   has  not 
The  end-reaction  is  still  clearer  when  a  small  part  of  the  liquid 
acidified  with  acetic  acid,  and   tested  with  sulphuretted  hydrogen  iOtto'). 
The  calculations  are  just  as  simple  ss  for  the  previous  method. 

This  titration,  unlike  the  previous  one.  may  be  performed  equal 
in  daylight  and  in  artificial  light.    Knapp's  method  has  the  following 
advantages  over  Fxhxjno's  method:   It  Is  applicable  even  when  theqt 
tity  of  sugar   in    the  uri  snail  and   that  of  the  other  urina 

constituents  is  normal.     It  is   more  easily   performed,  and   the  ti 
liquids  maj  I  decomposing  for  a  long  time  (Wobii  II 

bis  pupils1).    The  views  of  different  inveetigatoni  oi  hie  of  d 

titration  method  are  somewhat  contradictory. 

the  above-described  titration  methods  there  are  various 
Pwy  titrates  with  an  ammoniacal  coppei  MASS 

uses  an  excess  of  copper  salt  and  re  with  pot  Iodide  aaJ 

hyposulphite.     The  sugar  can  also  be  determined 
and  especially  according  to  PflDgkr's  modification  <>f  this  m 

1  Journal  f.  pmkt.  Qun  .  2<; 

1  Pfliigor's  Arch.,  16  and  23. 

'  Lehm&nn,  Arch.    f.    Hygiene,   SO;    Pfliiger,    Pfluger'a   Arch.,   M.     In   rrgaid 
Pavy's  and  other  methods,  see  Buppert-Neubauer,  Ham- Analyse,  10.  Aufl. 
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Estimation  of  the  Quantity  of  Sugar  by  Fermentation.    This 
may  be  done  in  various  ways;  the  simplest  method.  Slid  one  at  the  same 
time  sufficiently  exact  for  ordinary  cases,  is  that  of  Roberts.    This  con- 
ic determining  the  specific  gravity  of  the  urine  before  Slid  sftST  fer- 
tation.     In  the  fermentation  of  sugar,  carbon  dioxide  arid  alcohol  are 
form*'-  Jel  products  and  the  specific  gravity  is  lowered,  partly  on 

lot  of  the  disappearance  of  the  sugar  and  partly  on  account  01  the 
production  of  alcohol.  Roberts  found  that  a  decrease  of  0.001  in  the 
specific  gravity  corresponded  to  0.98  per  cent,  sugar,  and  this  hfifi  been  sub- 
stantiated since  by  Bsveral  other  investigators  (worm  Mi  u.j.u  and  others). 
If  the  urine,  for  example,  has-  a  specific  gravity  of  1.030  befor< 
and  LOOS  after,  then  the  quantity  of  sugar  contained  therein  was  22X0.23 

=  o.06per  cent 

In  performing  toll  test  the  specific  gravity  must  be  taken  at  the  same 
temperature  before  and  after  the  fermentation.     The  urine  must  be 
aeid.  :iry  it  sht.rdd  he  acidified  with  a  little  tartari. 

solution.     The  activity  of  the  yeast  must,  when  necessary,  be  controlled 
Place  800  0.  0.  of  the  urine  ni  a  406  0.  D.  flask,  add 
a  piece  of  compressed  yeast  the  size  •  and  subdivide  the 

through  the  liquid  by  shaking:  close  the  Seek  with  a  stopper  provided  with 
ly-dra\vn-out  glass  tube,  and  allow  the  test  to  stand  at  the  temperature 
Of  the  room  or.  still  better,  at  20-25°  ('.     After  24—1S  hours  the  fermenta- 
tion Is  ordinarily  ended,  but  this  must    he  verified   by   the  bismuth 
After  Complete  fermentation  filter  through  a  dry  filter,  bring  the  lilt  rut  •    <■ 

tin-  proper  temperature,  and  determine  the  specific  gravity. 

If  the  specific  gravity  be  determined  with  a  good  pyenometer  supplied 
with  a  thermometer  and  an  expansion-tube,  this  method,  when  the  quan- 
tity of  sugar  is  not  less  than  4-5  p.  m.,  .  cording  to  VfoRU  Mi'llf.r, 
very  exact  results,  but  this  has  been  disputed  by  Budw:.1  For  the  |  : 
cian  the  method  in  this  form  is  not  quite  serviceable.  Even  when  the 
Bpecifir  gravity  innined  by  a  deuoate  urinometer  which  can  give  the* 
density  to  the  fourth  deeimal,  quite  exact  re-ulrs  are  not  obtained, 
of  the  ordinary  errors  of  the  method  (BuDDB);  but  the  errors  are  usually 
smaller  than  those  which  occur  in  titrations  made  by  unpracn sed  DSods. 

Whan  the  quantity  of  sugar  is  less  than  B  p.  m.  these  methods  cannot 

ii  small  amounls  cannot,  as  already  mention  ,   termined 

by  titration  directly,  because  the  reducing  power  of   normal  urine  corre- 
sponds!., i  5  sugar.    In  such  eases,  according  to  Worm  Mtti 
it  is  better  first  to  determine  the  reduction  power  of  the  urine  by  titration 
with  Knapp's  solution,  then  ferment  tne  urine  with  the  addition  of  • 
and  titrate  again  with  Knapp's  solution     The  difference  round  befr 
the  two  titrations  calculated  as  sugar  gives  the  true  quantity  of  the  latter. 
The  determination    of   the   sugar  by   fermentation   can   be  so  per- 
d  that  the  loss  in  weight   due   to  the  CO.,  n      be  estimated  or  the 
volume  of  the  gas  measured.     For  this  last  purpose  Lohxstf.i.v  j  has  con- 
structed  a   special   fermentation  saccharometer  which    is   claimed   to    I 
trustworthy  and  practical. 

1  Roberto,  Edinburgh  Mad  Joura.,  1861,  sad  Tht  Lancet,  1,  1862;  Worm  MOHer. 
FflUgar't  Arch..  33  and  37;  lit;  40.  and  Zdtsohr.  f.  physiol.  Chem  r  II      BttS 

also  HnpfMrt-Neabmier,  10.  Aurt.,  and  Lobwtofai,  Pflfkgu  i  area,,  62. 

1  Berlin    klin    \V  whenseur. ,  35,  and  Allg.  med.  Central. -Ztg.,  1899. 
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Hstimation  of  Sugar  by  PoLAHi/.A tion.     In  this  method  the 
must  be  clear,  not  too  deeply  colored,  ami.  above  all,  must  n- 
any  other  optically  active  substances  besides  dextrose.    The  urine  nay 
rotatory  sub-  protekb  lutync 

ironic  acids,  the  so-called  Leo  bbuj 
'■    b  i  ol  which  are  onfen 

n  an. I  the  others  are  detected   by  the  polariscope  aftei 
me:  The    fer  la-vuluw    i-    detected    U1    ;i    special    I 

;iinl  the  dextrorotatory  milk-sugar  differs  from  dexl 
nofc  fermenting  readily.    By  using  a  delici 

cient  practice,  very  exact  results  can  be  I  The 

value  oC  this  procedure  consists  in  the  rapidity  with  which  inina- 

tion  can  be  made.    In  using  instruments  specially  constructed  for  cl 
purposes  the  accuracy  is  less  than  with  the  less  expensive 
test.    Under  such  circumstances,  a  imation  by  meant 

sataon  can  be  performed  with  exactitude  only  by  specially  trained  ehc 
it  is  hard I  \  necessaxy  to  give  this  method  is  detailj  and  the  re  rfer 

to  handbooks  fer  instructions  in  tin-  use  of  the  appanri 

Lflevulos:-.     Le\  ogyrata  urines  containing  BUgar  have  been 

-iyki..   XlMMi.u  and    I  and  others.     The    nature 

Log  this  action  La  difficull  to  descrifa  iv.  but  tl 

Mv  any  doubt  thai  the  urine,  at  leasl  in  certain  cast  -.  as  in 
by  Sej  01  •-.  contains  la?vulosc.    Mav  has  al  *l\  published  a  u 

which  to  al  appearances  Ibjv  rrt     I  ndoubted  eases  "f  hero- 

ria  have  been  observer!  and  studied  in  the  last  few  years  by  Ros: 
Lai; \m\  Spatb  and  Win,,1 

LsBvulose  is  detected  as  follows:   The  urine  is  Issvorol  md  ihr 

fovea  ice  ferments  with  yeast.     I  liaary 

reduction  tests  and  phenylglucosazone.     It   gives  Skliwa> 
on  boiling  with  resorcin  and  hydrochloric  acid,  and  with  methyl 
drazinc  it  gives  I  he  characteristic  laevulosemethj  Iphenj  losazoni 

i  mbitanee  named  by  Hi  ppbbt  and  found  by  Lao  ?  in  diabetii 
hi  Certain  cuss,  and  which  h  rs  as  a  sugar.     \\  is  Usrogyimte,  amorphous, 

and  does  not  taste  sweet,  but  rather  sharp  and  salty.     Laiose   has  a  u 

mi  .»n  metallic  oxides,  doss  not  ferment,  and  gives  a  non-ci 
brown  nil  with  phenylhydrasine.     T\  ra  proof  as  yet  thai 

substance  is  a  BBgar. 

Lactose.     The  appearance  of  lactose  in  the  urine  of 

-t    shoWIl  "I     I'l.   SlNETY   and    1       Hi 

and  this  baa  been  substantiated  b;  After  I 

e  quantitit  b  of  m 
ee  Chapter  IX  on  absorption).    The  passage  of 
ria. 

The    positive   detection    of    this   sugar    in    the    urine 
can  like  dextrose,  dextrogyrate  an 


'  Rosin  and  Laband,  Zeitschr.  f.  klin    Mod  .  17;   Bpftth  and  Woil,  Centralbl  I 
med.  Wis*.,  1903.     See  also  Huppcrt-Xeubauer,  10.  Autl.,  125. 

1  Virrhow'a  Arch.,  107. 

1  HofiiR-Uu-r.  Zi-it-v.hr    f.   phynoL  Chero.,  I,  which    also    contain*    the 
literature.     See  also  Lemaire,  ibid  .  I'l 
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If    urine    contains    a    dextrogyrate,    non-fermentable   sugar   which 
s  bismuth  solutions,  then  it.   is  very  probable   that  il   contain 

It   mast  be  remarked  that  the  fermentation  test  for  lactose  isr 

ling  to  the  e  of  Lube  and  Voir,1  best  performed  by  using 

iromyei     spioulatos).     i his  yeast  only  for- 

••  dextrose,  •■.  lull-  n  does   M.i   hi!  iMj  inse  the  milk-sutrar.     If.  ai  > 

ingU"  Vorr,  Hii'aku  s  test  is  performed  without  heating  to  boiling  but  only 

f.i  so   G  .  the  solar  becomes  yellow  or  brown  is  the  pjeseoos  of  tad 

instead  ol  red.    The  n  ittvs  means  for  (he  detection  of  this  sugar  is 

to  Isolate  the  Rigs?  from  His  mine.     This  may  be  dons  by  the  following 

.    by    P.    Ib'tMKISTKK: 

Precipitate  the  urine  with  sugar  of  lead,  filter,  wash  with  water,  unite  the 
filtrate  and  wash-water,  and   precipitate  with  ammonia.    Ins  liquid  filtered 

from  :  [Htatc  is  again  precipitated  by  sugar  of  lead  and  ammonia  until  the 

laat  n  inactive.    The  several  prectpitati     erltfa  the  exception 

df    the    In   i  I    sugar,  SIS    united    and    washed    with    «  rtei 

Tin-  precipitate  is  decomposed  in   toe  cold  with  sulphuretted    hydragsn  and 

I  not  ted  hydrogen  is  driven  oft*  by  a  current  of  air; 
iids  Bet  fn  d  by  Bbal  i  oxide.    Now  Alter,  remove 

Iphuretted  bydroeeO  the  toiuble  silver,  treat  with  barium  carl-  unite 

withanyr.  d  present,  and  concentrate.     Baton  the  evaporated  r> 

rrupy  it  i»  treated  wuh  BO  i*r  cent  alcohol   until  a  Hocculent  pn 
tate  is  fo; i  ittles  Quickly.    The  filtrate  from  this  when  placed  in  a 

denccutnr  deposits  crystals  of  la  hicfa  are  purified  by  recrystsOisatton, 

decokrizing  with  animal  charcoal  and  boiling  with  00-70  per  cent  RtfOboL 

Pentoses.  fBKl  and  .Tastkuu  it/,  first  found  in  the  urine  of  per- 

sons addicted  to  the  morphine  habit  a  variety  of  sugar  which  was  a  pen- 
toss  and  yielded  so  osaaons  which  melted  at   169° C    This  sndsw 

cases  of  pentosuria  have  bserved,  and  according  to  Kri.z  and 

nail  amount*  oj  pentose  also  occur  in  the  urine  of  dil 
in  the  urine  of  dogs  with  pancreatic  or  phlorhizin  diabetes.* 
The  pentose   isolated  by    Xi.ijo.kg   from   the    urine   in   chronic  pento- 
suria was  i-arabinose.     In  alimentary  pentosuria  the    l-arabinoso  of    the 
plant  food  may  be  found  in  the  urine. 

An  itaining  pentose  reduces  bismuth  as  well  as  copper  solutions; 

all  hough  the  reduction  is  not  as  rapid  but  appears  gradually.  If  only 
OSS  is  present,  the  urine  dOSS  not  ferment,  but  in  the  presence  of  ds» 
>f  pentose  may  alsn  undergo  fermentation.  The 
preparation  of  the  osaaons  serves  in  the  detection  of  pentoses;  this  com- 
pound when  pure  melts  at  160-108°  (.'.,  but  when  obtained  from  the  urine 
has  a  melting  150-100°  C.    The  phloroglucin  or  orcin  tests  can 

.(•<!  (see  page  90).      Of  these  the  last  IS  most  preferable,  esj* ■< 
as  it  excludes  a  confusion  wit  l  jugated  glucuronic  acids. 

.rl  Vdt,  lebcr  die  Glycogenbildung  nach  Aufnnhme  veracbJedener  Zuckemten, 
Zeitachr.  f.  Biologie.  28. 

'In   regard  to  the  literature,  bwj    foot-fiOtS    I,  page  88.       See  also  ttlumpnthaJ, 
•Che  Klinik,  1002. 
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The  orcin  test  can  be  performed  as  follows:    5  c.  c.  of  the  urine  is 
i  an  equal  volume  of  IH.'l  sp.  gr.  1.19  and  a  small  amount   i 
and  heated  to  boiling.     As  soon  as  a  greenish  otouriinere  tip\  i 

off  and  snake  carefully  with  amy]  alcohol.    The  amyl-al 
Md  in  thr-  spectre  union.     The  precipitati"? 

bluish-green  pigment  is  in  gnificanl 

BlAL  '  ii  -agent  30  per  Dent  hydrochloric  acid  which  CO 

1  gram  >>f  orcin  md  8fi  <lror>8  of  a  ferric-ehl   ri  n  (62.9  per  ceo  t  of 

the  crystalline  salt)  in  500  c.  c.  of  the  acid.     4-5  C.  C.  of  the  rr:i. 
heated  to  boiling  and  then  a  few  drop.-  (not  more  than  1  c.  c.)  of  the  urine 
is  added    to   the  hot  but  not  boiling   liquid.     In  the  presence  of  pentose 
the  liquid  turns  a  beautiful  green.     Normal  or  diabetic  urines  do  not  give 
reaction,  neither  du  the  conjugated  glucuronic  acids. 

T.ki'ink  and  BONLTJD1  have  shown  the  presence  of  maltose  in  cases  of 
diabetes.     After  boiling  with  hydrochloric  acid  the  specific  rotation  <l 
.  while  the  reducing  power  SUfih  XbAl 

Conjugated  Glucuronic  Acids.     Certain  conjugated  glucuronic  an 
as  menthol-  and  turpentine-glucuronic  acid  may  spontaneously  deeomp 
the  urine  and  in  this  case  they  may  readily  lead  to  a  confusion  with  pentoses. 
The  urine  should  be  always  as  fresh  as  possible  for  these  examinations 

A  confusion  of  the  glucuronic  acids  which  have  a  reducing  power  os 
copper  or  bismuth  solutions  with  de.\tro?e  and  lamdose  can  be  prevented 
by  the  fomentation  teat.  The  optical  behavior  also  serves  as  a  difference, 
as  the  conjugated  glucuronic  acids  arc  kevogyrate.  On  boiling  with  &n 
acid  dextrorotatory  glucuronic  acid  is  produced  and  the  hevorotati 
changed  to  dextrorota' 

The  conjugated  glucuronic  acids,  like  the  pentoses,  give  the  p 
glucin-hydroehloric-aeid  test.     On  the  coin  ran     I.       I     qoI 
test  bttt  only  after  cleavage  with  the  setting  free  of  glucuronic 

acid.     On  using  Dial's  reagent  no  a  .:  for  pentoses  occurs.     Thr 

fcOBBfl  may  also  be  Isolated  and  identified  by  their  osazones.     The  0> 
Of  Conjugated  glucuronic  acid   in    the  urine  is  shown    when  •  does 

DOt  give  the  orcin-hydrochlorir-arid  react  ion  direct!,  hr  after  D 

with  the  acid.     A  further  proof  is  that  suggested  by  v.  A  urn  an."    o<>" 

be  urine  is  benzoylated  and  the  est©  ol  lined  saponified  with  Midnun 
ethylate.  The  free  and  conjugated  glucun)nie  acid  is  thus  obtained  as 
sodi'  toundfl,  insoluble   in  alcohol,  while  the  pentoses,  if  present, 

remain  in  the  alcoholic  filtrate. 

The  surest  method  is  that  suggested  by  Mayer  and  N]  '  which 

lata  in  precipitating  the  urine  with  basic  lead  acetate,  decomposing 
the  precipitate  with  HJ3,  boiling  with  dilute  sulphuric  ad 

'Deutach.  mod  Wocbensdbr.,  li)03. 
•Comjit.  tend  ,  132. 
»Arrh    f    exp    Path    u    Phnrm..  47. 
4  Z.iiMhr   f    phyal  I  2U 
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the  conjugated  acid  and  than  after  neutralizing  with  soda  pn 
tne  characteristic  brornphenylhydrazino  compound  of  glucuronic 
>age  100)  with  p-bromphcnvlhydra/nie  hydrochloride  and  sodium  acetate. 

Inosite  occurs  in  the  urine  in  albuminuria  and  in  diabetes  meHkus.  but 
rarely  and  in  small  ipiantities.     Inosite  is  also   found   in   the  urine 
after   the   excessive  drinking   of  water.    According   to  Hoppb-Sbtlbb  ' 
BB  of  inosite  oecur  in  all  normal  urines. 

In  detecting  inosite  the  proteid  is  lirst  removed  from  the  utine.     Then  con- 
i  tte  the  urine  on  the  water-bath  to  \  of  its  original  volume  and  precipitate 
with  augar  <>f  lead.     The  filtrate  is  warmed  and  treated  with  basic  lead  acetate  as 
long  as  a  precipitate  is  formed.    The  precipitate  formed  after  twenty-four  bourfl 
is  washed  with  water,  impended  in  water,  and  decomposed   with  sulphur 
•gen.     A  little  uric  acid  may  separate  from  the  filtrate  after  a  short 
liquid  is  filtered,  concentrated  to  a  syrui  ancy,  ind  treated  white 

is    with  3—4  vols,   alcohol.     The  precipitate    is  quickly    Beparal     i 
the  addition  of  ether  to  the  cooled  filtrate,  crystals  separate  .  and 

these  are  purified  by  decolorisaticn  and  reerystallization.     With  these   crystals 
perform  the  teats  mentioned  on  page  387. 

Acetone  Bodies  (acetone,  acetoacetic  acid,  ^-oxyhutyric  acid).    These 
bodies,  whose  occurrence  in  the  urine  and  formation  in  the  organism  have 
been  the  subject  of    numerous  investigations,  occur    in    the  urine  espe- 
cially in  diabetes  nielli  t  us,  but  also  in  many  other  diseases.'     According  to 
v.  Jaksch  and  others  acetone  is  a  normal  urinary  constituent,  though  it 
occur  only  in  very  small  amounts  (0.01  gram  in  twenty-four  hoi; 
In  regard  to  the  origin  of  these  bodies  h  was  previously  BQBsktand  thai 
they  were  produced  hy  an  increased  destruction  of  proteid.     One  of  the 
us  reasons  for  this  was  the  increase  in  the  elimination  of  aeetooaand 
actelo  acid  during  inanition  (V.  Jaksch,  Yn.  Mi'li.kk  ').     This  stands 
also  in  good  accord  with  the  observations  that  a  considerable  increase  in 
the  quantity  of  acetone  and  acetoacetic  acid  eliminated   i-  observed   in 
BUflh  di.-eases  as  fevera,  diabetes,  digestive  disturbances,  mental  diseases 
id  cachexia,  where  the  body  proteid  is  larp<  ■  oyed. 

formation  of  acetone  bodies  from  proteid  Is  also  indicated  by  the 
that  acetone  has  been  obtained  as  an  oxidation  product  from  gel; 

and  Xkii'.khc.  Orgleb  ').     On  the  other  hand,  the 
as  shown  by  Wl  ivtraud  and   Palm  a,  that  no  parallelism  exists 

:  Ilrtrnlhnrh  d.  physiol.  U.  pathol.  chem    Analyse,  'i.  Anil.,  190. 

gatd  to  the  extrusive  literature  on  acetone  bodies  the   nvt d  red  to 

Qupperl  -Ni ittbauei .  Bam   taalyae,  10.  Aufl..  and  v.  Noordcn's  Lehrb.  d  Pathol,  des 
rlin,  1.893. 
'  v    Jriksrh,  1'flior  Acetomirie  and  Diaoelurie.     IWlin.  L885;    I"r    Mullrr.  Ik-richt 
lip  F.rgebnisse  des  an  I  :f>fuhrten  IIungcrversuchM.      Itarlin.  klin   Wo 

•ear.,  1H87. 

1  Hlutnenthal  and  Neuberg,  Deutacb,  med.  Wochenachr.,  1901;    Orgler,  Hofrneis- 
ter'i  Beitraffe,  1 
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between  the  acetone  and  nitrogen  excretion  in  diabetics  as  claimed  espe- 
cially by  WEIGHT,  and  that  in  man  BO  Certain  relationship  i  tvem 
values,  -bow  that  no  such  origin  of  acetone  bodies  exists,  to 
man  the  BXCratLon  of  acetone  does  dot  increase  with  the  rise  in  the  quan- 
tity Of  proteid  and  an  increase  in  tile  latter  a!  •  causes  a 
diminution  in  the  elimination  of  acetone  (Rosbnfelo,  Hirschfeli- 
^  "ir  ').  At  the  present  time  the  tendency  is  more  and  more  to  the  view 
that  the  acetone  bodies  do  not  originate  from  the  proteids  a  the 
fats;  if  they  are  not  the  only  sour,               ire  at  least  the  most  imp-r 

The  carbohydrates  have  a  strong  influence  on  the  elimination  of  ace* 

'.  namely,  the  exclusion  of  carbohydrates  from  the  food,  Of  tin 
nution  in  their  amount,  causes  an  increased  'Intimation,  while  abundance 
of  carbohydrates  decreases  the  quantity  i  .1,  iderably,0f  even  causes  a  dis- 
appearance. The  increased  excretion  of  acetone  with  carbohydrate  star- 
vation occurs  also  in  healthy  individuals  with  a  fat-rich  cliff,  or  on  the 
supply  of  sufficient  calories  in  other  ways  (alimentary  acetonuria);  and 
if  the  formation  of  acetone  from  proteids  is  not  accepted  it  must  be  aci- 
ni iued  as  regards  fats.  As  proof  for  this  there  are  certain  cases  of  diabetes 
with  strong  elimination  of  acetone  bodies  (/3-oxybutyric  acid)  where  the 
quantity  of  proteid  transformed  was  too  small  to  account  for  the  acetone 
bodies  (Ma<;ni>-Levy).     Certain  investigators  (Ci  SAB, 

WaLDVOOEL1)  have  also  observed  an  increase  in  the  acetonuria  on  par- 
taking of  fatty  food. 

Then  is  no  doubt  that  the  fats  bear  a  certain  relationship  I 
bodies,  and  that  they  are  probably  in  part  the  source  of  the  same. 
It  has  not  been  proven,  on  the  contrary,  that  the  fats  are  the  only  or  the 
•nit  source  of  the  acetone  bodies.     Still  it  is  certain  that  in 
man,  insufficient  introduction  or  utilization  of  carbohydrates  may  lead  to 
a  large  or  small  acetone  excretion,  and  that  these  conditio!  I  dia- 

betes a-  well  as  in  starvation,  and  also  in  the  above-mentioned  diseased 
conditions. 

In  drawing  conclusions  as  to  the  origin  of  the  acetone  bodies  it  must  not 
sgotten  that  the  conditions  are  distinctly  different  in  man  than  in  ear- 
nivora  (C.eklmuydkn .  I'u.  Voit).      In    doga    the   elimination  of  acetone 
bodies  is  not  increased  in  starvation,  but  is  reduced;   it  Is  inrr> 

B  amounts  of  meat,  runs  parallel  with  the  nitrogen  excretion,  and  b 
nol  diminished  by  carbohydrates  (l-'n.  Yorr). 

1  Hirsrhfeld,  Zoitachr.  f.  klin.  Med.,  88;  Gcelmuyden,  boo  Maly'a  Jahrwhw,  M. 
uxid  Zdtadbr.  I  physiol.  Chem  .  23  and  26;  Weintraud,  Arch.  f.  exp.  Path.  u.  Phann.. 
W;   Palma,  Zdtatbr.  f.  BMIkunde,  15;    Wright.  Malj'a  Jahnebw.,  21 ,    RoscnfaU. 

Centrall.l.  f.  bUMSS  IW  ,  IB;    Volt,  D.-ut.srh    Arch.  f.  kllQ    Med 

'in-  I.'-vy.  An-li    I   .\|.    Path    n    Pha mi  ,  12     i  kelmujdeD,  1 .  c.  and  Nonk- 
Mapa/in  for  LaagevldenakalMn,  1000;  \rrh    '    klfat  Mrd  . 

Waldvogel.  Centralld.  f.  innero  Med.,  20. 
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Acetone,    CyE^O,   dimethylketone—CO^       ,  occurs,  as  above  stated, 

in  very  small  amounts  in  normal  urine.  In  diabetes  it  may  give  an  odor 
similar  to  apples  or  fruit  to  the  urine  as  well  as  to  the  expired  air. 

Irrespective  of  the  alimentary  acetonuria  derived  from  the  food,  there 
occurs  an  increased  elimination  of  acetone,  as  above  stated,  in  many  dis- 
eases, as  also  after  nervous  lesions,  certain  intoxications,  and  after  admin- 
istration of  phlorhizin  or  extirpation  of  the  pancreas  (v.  Merino  and  Min- 
kowski, Azemar  *). 

Acetone  is  a  thin  water-clear  liquid  boiling  at  56.3°  C.  and  possessing  a 
pleasant  odor  of  fruit.  It  is  lighter  than  water,  with  which  it  mixes  in  all 
proportions,  also  with  alcohol  and  ether.  The  most  important  reactions 
for  acetone  are  the  following : 

Lieben  's  Iodoform  Test.  When  a  watery  solution  of  acetone  is  treated 
with  alkali  and  then  with  some  iodo-potassium-iodide  solution  and  gently 
warmed  a  yellow  precipitate  of  iodoform  is  formed,  which  is  known  by  its 
odor  and  by  the  appearance  of  the  crystals  (six-sided  plates  or  stars)  under 
the  microscope.  This  reaction  is  very  delicate,  but  it  is  not  characteristic 
of  acetone.  Gunning's  modification  of  the  iodoform  test  consists  in  using 
an  alcoholic  solution  of  iodine  and  ammonia  instead  of  the  iodine  dissolved 
in  potassium  iodide  and  alkali  hydrate.  In  this  case,  besides  iodoform,  a 
black  precipitate  of  iodide  of  nitrogen  is  formed,  but  this  gradually  dis- 
appears on  standing,  leaving  the  iodoform  visible.  This  modification  has 
the  advantage  that  it  does  not  give  any  iodoform  with  alcohol  or  aldehyde. 
On  the  other  hand,  it  is  not  quite  so  delicate,  but  still  it  detects  0.01  milli- 
gram of  acetone  in  1  c.  c. 

Reynolds's  mercnirio-oxide  test  is  based  on  the  power  of  acetone  to  dis- 
solve freshly  precipitated  HgO.  A  mercuric-chloride  solution  is  precipi- 
tated by  alcoholic  caustic  potash.  To  this  add  the  liquid  to  be  tested, 
shake  well,  and  filter.  In  the  presence  of  acetone  the  filtrate  contains 
mercury,  which  may  be  detected  by  ammonium  sulphide.  This  test 
has  about  the  same  delicacy  as  Gunning's  test.  Aldehydes  also  dissolve 
appreciable  quantities  of  mercuric  oxide. 

Leoal's  Sodium  Nitroprusside  Test.  If  an  acetone  solution  is  treated 
with  a  few  drops  of  a  freshly  prepared  sodium  nitroprusside  solution  and 
then  with  caustic-potash  or  soda  solution,  the  liquid  is  colored  ruby-red. 
Creatinine  gives  the  same  color;  but  if  he  mixture  is  saturated  with  acetic 
acid,  the  color  becomes  carmine  or  purplish  red  in  the  presence  of  acetone, 
but  yellow  and  then  gradually  green  and  blue  in  the  presence  of  creatinine. 
With    this  test   paracresol   responds  with  a  reddish-yellow  color,   which 

1  Az&nar,  "  Ac^tonurie  exp&imentale. ' '  Travaux  de  physiologie,  1898  (laboratoire 
de  M.  le  professeur  E.  H6don,  Montpellier). 
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becomes  light  pink  when  acidified  with  id  and  eann 

for    acetone.     If   ammonia    is    employ*  d    rnatead    of  the   caustic   alkali 

(Le  N'fnt!  i.).  the  reaction  tab  irith  acetone  but  not  with 

Penzoldt's  indigo  teal  <!<■;  .  that  ortli  ■uzaklehyde 

in  alkaline  solution  with  acetone  indigo.     A  warm  aatun  i  then 

cooled  Bolution  of  the  aldehyde  n  treated  with  the  liquid  to 
acetone  and  next  with  caustic  so* la.     In  the  presence  of  acetone  the 
first  becomes  yellow,  then  green,  and  lastly  indigo  separates;  and  this  may 
be  di    Dived  with  b  blue  color  by  shaking  with  chloroform.     1.6  milligrams 
acetone  can  be  detected  by  this  test. 

B£i*a  v.  BittO 'a l  reaction  is  based  on  the  fact  that  on  adding  a  solution  of 
metadinitrobenaene,  made  alkaline  with  caustic  potash,  to  acetone,  a  violet-red 
color  is  produced  which  becomes  cherry  -red  on  acidifying  with  an  orga 
metaphosphoric  acid.     Aldehyde  ghnsfl  a  simitar  violet-red  cnlnr  which  becomw 
yellowish-red  on  acidiiicitii.n.     Creatinine  does  not  give  this  reaction. 


Acetoacetic    acid,     fyi.O,,    acetylacetie    acid,   diacetic   acid 


This  acid  has  not  been  observed  as  a  phv.-io logical  ennsritu. ••  urine. 

It  occurs  in  the  urine  chiefly  under  the  same  oondhiona  afl  acetone.  Like 
acetone  the  acetoacetic  arid  occurs  often  in  children,  especially  in  hteh 
fevers,    acute    exanthema,    etc.      DuMetfa    acid  Dpoeee    readily 

acetone.     According  to  Au\ki  :  it  is  probably  produced  as  an  intermediate 
product  in  the  oxidation  OJ  ,;'"\v  butyric  acid  in  the  organism.     The  three 
bodies  appearing  in  the  urine,  acetone,  acetoacetic  acid,  and  ,3-oxyb 
.  stand  in  close  relationship  to  each  other 

Una  acid  is  a  colorless,  strongly  acid  liquid  which  mixes  with  water, 
alcohol,  and  ether  in  all  proportions.  On  heating  to  boning  with  water, 
and  especially  with  ax-ids,  this  acid  decomposes  into  carbo'  •  and 

acetone,  and  therefor  the  above-mentioned  reactions  for  ao 

It  differs  from  acetone  in  that  it  gives  a  violet-red  or  brownish-red  •  r 
with  a  dilute  ferric-chloride  solution.     For  thi  in  of  this  ad 

make  use  of  the  following  read  ions  which  may  bo  applied  directly  to  the 
urine. 

Gerhardt's  Reaction.     Treat  10-15  c.  c.  of  the  urine  with  ferric-. 
Bolution  until  it  fails  to  give  a  precipitate,  filter,  and  arid  some  more  ferric 
chloride.    In  the  presence  of  acetoacetic  acid  a  wine-red  color  is  obtained. 
The  color  becomes  paler  at  the  room   temperature   within   twenty 
hours,  but  more  quickly  on  boiling  (differing  from  salicylic  acid,  phenol, 


DETECTION  OF  ACETONE  AND   ACETOACETIC  ACID. 


aulphocyanides).    A  portion  of  the  mine  slightly  acidified  and  boiled  does 
give  this  reaction  on  account  of  the  decomposition  of  the  acetOfr 

kaifou)  and  LxFUAtfscr'B  Btac&on,  6  c.  c.  of  a  solution  containing 
1  gHQn  of  ;>-aminoacctophcnone  and  2  c.  c.  of  concentrated  hydrochloric  acid 
in  100  c.  c.  of  water  are  mixed  with  8  e.  c  of  a  l  pet  eeni  potaaaiomHUtnte 

iion  and  then  treated  with  an  equal  volume  of  urine.  A  few  drops 
of  concentrated  ammonia  are  now  added  and  violently  shaken.  A  brink- 
red  coloration  is  obtained.     Than  take  10  drops  to  2  ft,  ft.  of  this  mixture 

■  rding  to  the  quantity  of  acetoacetic  arid  in  the  urine),  add  16-30 0.  c. 
Eft  1  of  sp.  gr.  1.19,  3  c.  c.  of  chloroform,  and  2-4  drops  of  ferric-chloride  solu- 
and  mix  without  shaking.  In  the  presence  of  acetoacetic  acid  the 
chloroform  is  colored  violet  Of  blue  (otherwise  only  yellowish  or  faintly 
red).  This  reaction  Is  more  delicate  than  the  preceding  test  and  reacts 
with  0.04  p.  m.  acetoacetic  acid.  Large  amounts  of  acetone  (but  not  the 
quantity  occurring  in  urines)  give  this  reaction  according  to  Allard.1 

Detection  of  Acetone  and  Action  ret  ir  Arid  in  the  Urine,  Before  testing 
for  acetone  test  for  acetoacetic  acid;  as  this  acid  gradually  decomposes  on 
allowing  the  urine  to  stand,  the  specimen  must  be  as  fnsh  as  possible.  In 
the  presence  of  acetoacetic  acid  the  urine  gives  the  above-mentioned  teste. 
In  testing  for  acetone  in  the  presence  of  acetoacetic  acid  make  the  urine 
slightly  alkaline  and  shake  in  a  scparatory  funnel  with  ether  free  from 
alcohol  and  acetone.     Remove  tin-  ether  and  shake  it  i.  which 

tip  the  acetone  and  test  for  acetone  in  the  watery  BOlutaon. 

In  the  absence  of  acetoacetic  acid  the  acetone  may  be  tested  lot 
directly  in  the  urine;  this  may  be  done  by  Penzoldt's  test.  This  test, 
which   is  only  approximate,  is  of  value  only  when  the  urine  0 

lerable  amount  of  acetone.    For  a  more  aeenrate  teal   ire  distil]  at 
least  250  C  c.  of  ti  faintly  acidified  with  sulphuric  acid,  care  being 

taken  to  have  a  good  condensation.  Most  of  the  acetone  is  contained  in 
the  first  10-20  c.  c.  of  the  distillate.  A  sure  result  may  be  obtained  by 
distilling  a  large  quantity  of  nrine  until  about  T'7  has  been  distilled  off, 
acidify  the  distillate  with  hydrochloric  acid,  redistill  and  repeat  thus 
several  times,  collect  hilt  the  first  [tortion  of  each  distillation.  The  final 
distillate  is  used  for  the  above  rea'-tions.* 

The  quant  it' it  motion  of  acetone  LD  thfi  urine  Is  done  by  converting 

it  first  into  iodoform.  The  urine  Ls  acidified  with  acetic  acid  (according  to 
HUPPEBT,  1-2  e.  o.  50  pet  eeni  acetic  acid  tor  every  100  c.  0.  urine)  and 
ted.  The  quantity  ol  acetone  is  the  distillate  is  best  determined 
ding  t<>  lisasiNGBH  and  Hviti-rt's  method  by  determining  volu- 
metrically  the  quantity  of  iodine  used  in  the  formation  of  iodoform.  In 
regard  to  thifl  method  and  fa  execution  the  reader  is  referred  to  Huppert- 

i.AUER.3 

1  Arnold,   Wien.    klin.    Wochrnschr..    1S99,  and  <  entrnlU.    f.    innere  Med.,    1000; 
Lipliawaky    DflDteflfa    mad    W.hIi.  nschr..  1901;  Allard.  Bad  kliu.  Wochenachr.,  1901. 
laa  also  Salkowski.  l'ttiieer's  Arch.,  56. 
•  Hamanalyse,  780,  and  Irmiydrn.  Mtachr   f.  anal  Chem.,  3.1 
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,9-Oxybutyric  Acid,  0,H,08= CHOH.    The  appearance  of  this  acid  in  the 

COOI I 

urine  was  first  positively  shown  by  Minkowski.  Kulz,  and  Stadelmaxn.' 
1 1  occurs  especially  in  severe  rases  of  diabetes,  when  it  may  form  the  largwt 
portion  of  the  acetone  bot  m;m  s-I.kvv.  Geelmuydex).     It  has  also 

been  observed  in  scarlet  fever,  measles,  in  scurvy,  and  in  diseases  of  th< 
with  abstinence.     It  seems  U)  be  always  accompanied  with  a 

The  ,9-oxybutvrie  acid  ordinarily  forms  an  odorless  syrup,  but  m 
be  obtained  as  crystals      It  is  readily  soluble  in  water,  alcohol,  and 

laevorotatory;  (uJd1*  -24.12°  for  solutions  of  1-11  per  cent  and  has 
a  disturbing  action  upon  the  determination  of  Sugar  by  means  of  the 
polariscope.  Tt  is  not  precipitated  by  basic  lead  acetate  or  by  ammnniaral 
lead  acetate,  neither  does  it  ferment.  On  boiling  with  water,  especially  in 
the  presence  of  a  mineral  acid,  this  add  decomposes  into  a-crotonic  acid, 
which  mehs  at  71-72°  C,  and  water:  CH,.CH(OH).CH,.C001 
CH,.CII:CH.COOH.  It  yields  acetone  on  oxidation  with  a  chromi 
mixture. 

Detection  of  fi-Oxybutyric  Acid  in  the  Urine.     If  a  urine  i> 
gyrate  after  fermentation  with  yeast,  the  presence  of  oxybutyria  acid  is 
probable.     A  further  test  may  be  made,  ad  Im'l/.,  In  < 

the  fermented  urine  to  a  syrup,  and,  after  the  addition  of 

oneentrated  sulphuric  acid,  distilling  directly  without  cooling.    a-crrr 
tonic  add  is  produced  which  distills  over,  and,  after  collecting  in  B 
tube,  crvsials.  which  melt  at   +72°  C,  separate  on  cooling.      If  no  w 

obtained,  shake  the  distillate   with  ether,  evaporate,  and    • 
ing-pnint  of  liie  residue  which  has  been    Washed  with  the  water.     Arrunl- 
ing  to  Minkowski  the  add  may  be  isolated  as  a  silver  Bah  ' 

The  Qwt  Estimation  may  be  performed  as  follows,  act 

to  BBBOflLL:1     100-300  c.  c.  of  the  sugar-free  urine  or  fermented  urine 
is   made  slightly   alkaline   with  sodium    carbonate   and   coin  i 
syrup.     This,  on  cooling,  is  rubbed  with  syrupy  phosphoric  aci' 
it  cool),  anhydrous  copper  sulphate  (20-30  grams),  and  fine  sand, SO 
drv  mass  thoroughly  extracted   with  anhydrous  ether  in  an  exirartwn 
apparatus.     The  residue  after  the  evaporation  of  the  BtJs  I  -fijved 

in  water  and  decolorized,  if  necessary,  with  animal  charcoal,  ami 
titv  of  the  acid  calculated  from  the  polarisation.     Other  methods  havebc*0 
suggested  by  Darmstadter,  Bq-ekelman  and  Bouma.' 


1  Minkowski,  Arch.  f.  exp.  Path.  u.  Phann.,  18  and  19;    Studelmann,  ibid,  1?J 
Kijlx,  Z -itschr.  f.  Biologic,  20  and  23. 

'  Arch   f.  pxp.  Path  tt  Pharm..  18,  35;  Zvibchr.  f.  anal.  Chcm.,  24.  153. 

*  Zeitachr.  f.  physiol.  Cliem  ,  S3. 

*  Darmstadter,  ibid.,  37 ,  Boeketmao  and  Bouma,  see  Maly's  Jahresbcr..  IL 


Emu.tcn  '8  '  Un'vr  Test.     Mix  of  a  solution  which  contains  50  c.  c. 

ulphanilic  arid  in  Mia  Dtet  with  5  c.  c.  of  a  J  jwr  centsolution 
iiurn  nitr         which  produces  very  little  of  the  active    I-d.1v,  ralpho 

Iu  ]>erforming  this  test  treat  the  urine  with  an  equal  volume  of  this 
mixture    and    then    rapt  with    ammonia       Normal    urine    will    b 

ge  after  the  addition  of  B  acids  may 

sometimes  after  a  certain  time  give  red  azo  bodies  which  color  the  upper  layer  of 
phate  sediment).    In  pathological  urn  an  there  eomethnaaoccun  (u  a  this 
••  cnaraol  ion)  a  prii  .  How  coloration,  with  a 

mark*  on  the  additi  raonia,  and  the  froth  is 

I  with  red.    The  upper  layer  of  the  jpeemah.    The 

body  which  gives  this  reaction  is  unknown,  hut  it  occurs  eapectalr/  in  the  urine 
T.nmn  i".     Opinion!  differ  in  regard  to  the  sign.1 

m    the  oxyprotek  acid  gives  the.  d  as  above 

stated  {page  524)  is  of  inte  est, 

trine   tesl     ingge  bed   by  Euim.kh  consists  in  adding  a  hyiii 

aining  'J  per  cent  dmiethylammobennklehyde  to  the  u 

faintly  red)  while   eprrain    pathological    urines  beoome  ehetT] 

Thi<  re.-iciii.il   i'a-Ii  .  's  nut   known7.)   has  still  no  practical  importance. 

•'lis   urine  tost,   which  consists  in  adding  nitric  acid  drop  by  drop 
to  the  boiling-hot   urine  and  obtaining  a  claret-red  coloration  and  a  blui al 
foam  on  shaking,  depends  upon  the  formation  of  indigo  substances,  eepei 
hgn  red.1 

M  the  Urine.     The  iliiiiiKiti.in  of  a  urine  which  in  ■■     and  rich- 

in  fat  resembles  chyle  is  called  tkuhsria.    It  habitually  oontahu  proti  id  and 

often  fibrin.     Chyluria  oocura  mostly  in  the  inhabitant,    ol  the  tropica,      l.ipnnn, 

or  the  elimination  of  fat  with  the  urine,  may  a  apparently  healthy  pet 

imea  with  and  aometimee  without  albuminuria,  m  u  ty,  and  al 

certain  diaoaaea,  aa  in  diabetes,  poiaoning  with  phoaphoma,  and  fatty  degeneration 
of  the  Indneya. 

Fat  ia  usually  detected  by  the  microscope.     It  may  also  be  dissolved  with 
ether,  and  may  invariably  be  detected  by  evaporating  the  urine  to  dryness  and 
ting  the  residue  with  ether. 
Cholcstcrin  is  also  sometimes  found  in  the  urine  in  chyluria  and  in  a  few  other 


Leucin  and  Tyrosin.     These  bodies  arc  found  in  the  urine,  especially 
acute  yellow  atrophy  of  the  liver,  in  acute  phosphorus-poisoning,  and 
c  cases  of  typhoid  and  smallpox. 


Detection   v]   Leucin   and   Tyrtmn.     Tyrosin  occurring   as  a  sediment  maybe 
.'■d  by  means  of  the  mieroeoope;  but  if  a  positive  proof  is  desired,  a  recrya- 
Ihzation  of  the  samo  from  ammonia  or  ammoniacal  alcohol  is  necessary. 
To  detect  both  these  bodies  when  they  occur  in  solution  In  the  mine,  proc 

The  urine  free  from  pri  -lead 

V  .  the  l  •    i    an»  \  ed  from  thi  I  \J&,  and  ill.-  aolutioi 

ae  much  as  possible.     The  n  with  a  small  quantity  of  absolute 

:.:,(,, ,|  to  remove  the  urea.  iled  with  fainrlv  ao 

alcohol,  filtered,  the  filtrate  evaporated  to  a  small  rad  allowed  b 

tallize.      If  DO  tyrosin  crystals  are  obtained,  then  dilute  with  water,  precipitate 

1  Ehrlich,  Zeitschr.  f.  klin.  Med.,  5.    See  also  Clemens,  Deutsch.  Arch.  f.  klin. 
Med.,  03  (literature). 

a  Preacher,  Zeitschr.  f.  physioL  Chetn.,  31,  and  Clemens,  Deutsch   Arch.  f. 
klin.  Med.,  71 

■  j*e  ttosin,  Virchow'a  Arch.,  123. 
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Again  with  basic  lead  acetate,  and  proceed  as  before.  If  tyrosin  crystals  nor 
separate,  they  are  filtered,  and  the  filtrate  still  further  concentrated  to  obtain 
the  leucin  crystals. 

Cystin  (sec  pap?  7-1).  Haumann  and  Goldmann  l  claim  that  a  sub- 
stance similar  to  cystin  occurs  in  very  small  amounts  in  normal  urine. 
This  substance  occurs  in  targe  quantities  in  the  urine  of  dog?  after  pois- 
ing with  phosphorus,     Cystin  itself  is  only  found  with  positiveness.  and 

khflO  vcr>'  rarely,  in  urinary  calculi  and  in  pathological  urines, 
which  it   may  BepAMfte  as  a  sediment.     Cvstinuria  occurs  oftener  in 
than  in  women.     P>  m:\ia\n  and  v.  T'dhans/.ky  found  in  urine  in  cystinurii 
1 1 1 ■  •  two  diamines,  catinririn  ( pent  amethy  lend  iaminc)  and  puircscin  ii 
ruetln  lendiamine).   which  are  produced  in  the  putrefaction  of  proi 
Tlie.se  'wo  diamines  were  also  found  hi  the  contents  of  the  in1 

in  ;i    wliile  under  normal  conditions  they  are  not  pr  H  \mmab- 

stin    therefore  considers  that  perhaps  some  connect  io-  torsos 

the  fiirmation  of  diamines   in    the   intestine,  by  the   peculiar  putref.v 
in  cystinuria.  and  Gystimiria  itself.      Cases  of  cvstinuria,   even  wi! 
diamines  in  the  mine,  have  recently  been  observed  and  reported 
investigators.    Diamines  are  onh     'Mom  found  in  the  urine  | 
in  the  ue.-es,  which  perh.-ij  ion  the  fact,  observed  by  I 

and  Garrod,  that  the  diamines  occur  only  occasionally  in  t,  The 

properties  and  reactions  of  cystin  have  been  given  on  page 

ifl    is   easily    prepared    from   cystin   calculi   by   dUsolvir 
alkali  carbonate,  precipitating  the  solution  with  acetic  acid,  and  redissolv- 
ing  the  precipitate  in  ammonia.    The  cystin  cxystallisei  .spontane- 

.uratinii   of   the  aumionia.     The  oystin   dissolved   in   the  urine  is 
iisenceof  protetd  and  sulphuretted  hydrogen,  by  boiling 
alkah  and  testing  with  a  lead  salt  or  sodium  uitroprui 
from  the  urine,  acidify  the  urine  strongly  with  acetic  acid.    The  p 

lining  cystin  is  collected  after  twenty-four  hours  and  with 

hydrochloric  acid,  which  dissolves  the  cystin  and  calcium  o  living 

the  uric  acid  undissolved.  1'ilii  r  supersaturate  The  filtrate  with  ammo 
nium  carbonate,  and  treat  the  precipitate  with  ami  huh  dissolves 

the  cystin  and  leaves  the  calcium  oxalate.     Filter  again  and  precipitate 
with  acetic  acid.      The  precipitated  cystin   is  identified  by  the  micro 
and  the  above-mentioned  reactions,     (\stin  Sfl  a  sediment  is  identity 

the  microscope.  It  must  be  purified  by  dissolving  in  ammonia  and  pre- 
aipitating  with  acetic  acid  and  then  tested.    Traces  of  di  may 

ii-d  by  the  production  of  benzoyl-cystin,  i 
and  Goldmann. 


1  Baumnim,  Zeitschr.  f.  physiol.  Chera.,  S.      In  regard  to  the  literature  on  cystin 
see  BrCBUdfiger,  Quid.,  16;    Baumann    and    Goldmann,  ibid.,  12;    Bmim^w 

r.lriinszky,  ibUL,  13;   Stadthagen  and  Bneger,  Berlin   klin.  Wochens<  i  Cam* 

•  '  and  Garrod,  Journ.  of  Path.  u.   Bacteriol.    1900  (literature  on  the  diamine*  in 

the  urine  and  fa-ccs). 
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VII.  Urinary  Sediments  and  Calculi. 

Urinary  sediment  is  the  more  or  less  abundant  deposit  which  is  found 
in  the  urine  after  standing.  This  deposit  may  consist  partly  of  organized 
an.l  partly  of  non-organized  constituents.  The  first,  consisting  of  cell  ■  i 
various  kinds,  ycast^fungi,  bacteria,  spermatozoa,  casts,  etc.,  must  be 
investigated  by  means  of  the  microscope,  and  the  following  only  applies 
to  the  non-organized 

\-  previ  i^Iy  mentioned  (page  462),  the  urine  of  healthy  individuals  may 

sometimes,  ev« an  i  n  \  oidizkg,  be  cloudy  on  account  of  the  phosphates  present, 

or  lierome  so  after  a  little  while  because  of  the  separation  of  urates.    As  a 

nine  just  voided  IB  Blear,  and  after  cooling  shows  only  a  faint  cloud 

(nubecula)  which  consists  of  urine  mucoid,  a  few  epithelium-cells,  mucous 

.scles,  and  urate  particles.     If  an  acid  urine  is  allowed  to  stand,  it  will 

change;  it  becomes  darker  and  deposit!  ;»  sediment  ing  of 

or  urates,  and  sometimes  also  calcium-oxalate  crystals,  in  which 

yeast-fungi  and  bacteria  are  often  to  be  seen.    This  change,  which  the 

Her  investigators  called  "ACID  fkkmknta  :  BBS  ORtM 

eooadered  aa  an  exchange  of  the  dihydrogen  alkali  phosphates 
the  urates  of  the  urine.     Monohydrogen  phosphates  besides  acid  tu 
or  free  uric  acid  or  a  mixture  of  both,  according  to  conditions, '  are  h< 
formed. 

Sooner  or  later,  sometimes  only  after  the  reaction  of  the 

original  acid  urine  changes  and  becomes  neutral  or  alkaline.  The  urine  has 
now  passed  into  the  ''alkalink  kkumkxtatiun,"  which  consists  in  the 
decomposition  of  the  urea  into  carbon  dioxide  and  ammonia  by  means  of 
lower  organisms,  micrococcus  urea.1,  bacterium  urea*,  and  other  bacteria. 
Museums1  has  isolated  an  enzyme  bom  the  micrococcus  urete  which 
nposes  urea  and  is  soluble  in  water.     During  talina  fermentation 

"atty  acid  ially  acetic  acid,  may  be  produced,  chiefly  by 

the  fermentation  of  the  carbohydrates  of  the  urine  (Salkowski  *).  A 
fermentation  by  which  nitric  acid  is  reduced  to  nitrous  acid,  and  another 
where  sulphuretted  hydrogen  is  produced,  may  sometimes  occur. 

When  the  alkaline  fermentation  has  advanced  only  so  far  as  to  render 
the  reaction  neutral,  then;  often  occurs  in  the  sediment  fragments  of  uric- 
acid  crystals,  sometimes  covered  with  prismatic  crv  taU  of  alkali  urate; 
dark-colored  spheres  of  ammonium  urate,  crystals  of  calcium  oxalate,  and 
sometimes  crystallized  calcium  phosphate  are  also  found.  Crystals  of 
ammonium-magnesium  phosphate  (triple  phosphate)  and  spherical  ammo- 
nium  urate   are   specially    characteristic   of   alkaline   fermentation.     The 


1  See  Huppert-N'oulmuer,  10.  Aufl.,  and  A.  Ritter,  Zeitochr.  f.  Biologie, 

'Muaculua,  Pfliiger'a  Arch.,  12. 

*  Salkowski,  Zeitschr.  f.  phyaiol.  Chem.,  13. 
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urine  in  alkaline  fermentation  becomes  paler  and  is  often  covered  with  a 
fine  membrane  which  contains  amorphous  calcium  phosphate  and  glisten- 
ing crystals  of  triple  phosphate  and  numerous  micro-organisms. 

Non-organized  Sediments. 

Uric  Acid.  This  acid  occurs  in  acid  urines  as  colored  crystals  which  are 
identified  partly  by  their  form  and  partly  by  their  property  of  giving  the 
murexid  test.  On  warming  the  urine  they  are  not  dissolved.  On  the 
addition  of  caustic  alkali  to  the  sediment  the  ciystals  dissolve,  and  when  a 
drop  of  this  solution  is  placed  on  a  microscope-slide  and  treated  with  a  drop 
of  hydrochloric  acid,  small  crystals  of  uric  acid  are  obtained  which  can  be 
easily  seen  under  the  microscope. 

Acid  Urates.  These  occur  only  in  the  sediment  of  acid  or  neutral 
urines.  They  are  amorphous,  clay-yellow,  brick-red,  rose-colored,  or 
brownish-red.  They  differ  from  other  sediments  in  that  they  dissolve  on 
warming  the  urine.  They  give  the  murexid  test,  and  small  microscopic 
crystals  of  uric  acid  separate  on  the  addition  of  hydrochloric  acid.  Crys- 
talline alkali  urates  occur  very  rarely  in  the  urine,  and  as  a  rule  only  in 
such  as  have  become  neutral  but  not  alkaline  by  alkaline  fermentation. 
The  crystals  are  somewhat  similar  to  those  of  neutral  calcium  phosphate; 
they  are  not  dissolved  by  acetic  acid,  however,  but  give  a  •loudiness  there- 
with due  to  small  crystals  of  uric  acid. 

Ammonium  urate  may  indeed  occur  as  a  sediment  in  a  neutral  urine 
which  at  first  was  strongly,  acid  and  has  become  neutralized  by  the  alkaline 
fermentation,  but  it  Is  only  characteristic  of  ammoniacal  urines.  This 
sediment  consists  of  yellow  or  brownish  rounded  spheres  which  are  often 
covered  with  thorny-shaped  prisms  and,  because  of  this,  are  rather  large 
and  resemble  the  thorn-apple.  It  {rives  the  murexid  test.  It  is  dissolved 
by  alkalies  with  the  development  of  ammonia,  and  crystals  of  uric  acid 
separate  on  the  addition  of  hydrochloric  acid  to  this  solution. 

Calcium  oxalate  occurs  in  the  sediment  generally  as  small,  shining. 
strongly  refractive  quadratic  octahedra,  which  on  microscopical  examina- 
tion remind  one  of  a  letter-envelope.  The  crystals  can  only  be  mistaken 
for  small,  not  fully  developed  crystals  of  ammonium-magnesium  phos- 
phate. They  differ  from  these  by  their  insolubility  in  acetic  acid.  The 
oxalate  may  also  occur  as  flat,  oval,  or  nearly  circular  disks  with  central 
cavities  which  from  the  side  appear  like  an  hour-glass.  Calcium  oxalate 
may  occur  as  a  sediment  in  an  acid  as  well  as  in  a  neutral  or  alkaline  urine. 
The  quantity  of  calcium  oxalate  separated  from  the  urine  as  sediment 
depends  not  only  upon  the  amount  of  this  salt  present,  but  also  upon  the 
aridity  of  the  urine.  The  solvent  for  the  oxalate  in  the  urine  seems  to  be 
the  di-acid  alkali  phosphate,  and  the  greater  the  quantity  of  this  salt  in  the 
urine  the  greater  the  quantity  of  oxalate  in  solution.     When,  as  previously 
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mentioned  (page  581),  the  simple-arid  phosphate  is  formed  from  the  di-acid 
phosphate,  on  allowing  the  urine  to  stand,  a  corresponding  part  of  the  oxa- 
late may  be  separated  as  sediment. 

Calcium  carbonate  occurs  in  considerable  quantities  as  sediment  in  the 
urine  of  herbivora.  It  occurs  in  but  small  quantities  as  a  sediment  in 
human  urine,  and  in  fact  only  in  alkaline  urines.  It  either  has  almost  the 
same  appearance  as  amorphous  calcium  oxalate  or  it  occurs  as  somewhat 
larger  spheres  with  concentric  hands.  It  dissolves  in  acetic  acid  with  the 
generation  of  gas,  whi« -h  <lilterentiates  it  from  calcium  oxalate.  It  is  not 
■v  or  brown  like  ammonium  urate,  and  does  not  give  the  murcxid 
test. 

Calcium  sulphate  occurs  very  rarely  as  a  sediment  in  strongly  acid  urine.  It 
Appears  as  long,  thin,  colorless  needles,  or  generally  as  plates  grouped  together. 

Calcium  Phospfiate.  The  calcium  triphosphate,  Ca,(P04)„  which 
OOeun  only  in  :-lk:il inc-  urines,  is  always  amorphous  and  occurs  partly  as  a 
colorless,  very  fine  powder  and  partly  as  a  membrane  consisting  of  very 
fine  granules.  It  differs  from  the  amorphous  urates  in  that  it  is  colorless, 
dissolves  in  acetic  acid,  but  remains  undissolved  on  warming  the  urine. 
Calcium  diphosphate,  CaHP04+2H,0,  occurs  in  neutral  or  only  in  very 
faintly  acid  urine.  It  is  found  sometimes  as  a  thin  film  covering  the  urine 
and  some  times  as  a  sediment.  In  crystallizing,  the  crystals  may  be  single, 
or  they  may  cross  one  another,  or  they  may  be  arranged  in  groupH  of  color- 
less, wedge-shaped  crystals  whose  wide  end  is  sharply  defined.  These  crys- 
tals differ  from  crystalline  alkali  urates  in  that  they  dissolve  without  a 
residue  in  dilute  acids  and  do  not  give  the  murexid  test. 

Ammonium-magnesium  phosphate,  triple  phosphate,  may  separate 
from  an  amphoteric  urine  in  the  presence  of  a  sufficient  quantity  of  am- 
monium salts,  but  it  is  generally  characteristic  of  a  urine  which  'is  smmo- 
niacal  through  alkaline  fermentation.  The  crystals  are  so  large  that  they 
may  be  seen  with  the  unaided  eye  as  colorless  glistening  particles  in  the 
sediment,  on  the  walls  of  the  vessel,  and  in  the  film  on  the  .surfac  18  of  the 
urine.  This  salt  forms  large  prismatic  crystals  of  the  rhombic  system 
(coffin-shaped)  which  arc  easily  soluble  in  acetic  acid.  Amorphous  magne- 
sium triphosphate,  Mga(P04)„  occurs  with  calcium  triphosphate  in  urines 
-ed  alkaline  by  a  fixed  alkali.  Crystalline  magnesium  phosphate, 
Mgj(PO«)s 4- 2211,0,  has  been  observed  in  a  few  cases  in  human  urine  (also 
in  horse 's  urine)  as  strongly  refractive,  long  rhombic  plates. 

Kyettcin  is  the  film  which  appears  after  a  little  while  on  the  surface  of  the  urine. 
This  coating,  which  was  formerly  considered  as  characteristic  of  urine  in  preg- 
nancy, contains  various  elements,  such  as  fungi,  vibriones,  epithelium-cells,  etc. 
It  ofU-ii  rontuuLs  earthy  phosphates  and  triple-ph<>  pi  lain. 

As  more  rare  sediments  we  find  cystin,  tyrosin,  hippuric  acid,  xanthine.  kama- 
toidin.  In  alkaline  urine  blue  crystals  of  indigo  may  also  occur,  due  to  a  decom- 
position of  indoxyl-glucuronic  acid. 
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Urinary  Calculi. 

Besides  certain  pathological  const  it  mints  of  the  urine,  all  those  urin- 
ary constituents  which  occur  as  sediments  take  part  in  the  formation  of 
urinary  calculi.  Edstein  *  considers  the  essential  difference  between  an 
amorphous  or  crystalline  sediment  in  the  urine  on  one  side  and  urinary 
sand  or  lanie  calculi  on  the  other  to  be  the  occurrence  of  an  organic  frame 
in  the  latter.  As  the  sediments  which  appear  in  normal  acid  urine  in 
a  urine  alkaline  through  fermentation  are  different,  so  also  are  the  urinary 
calculi  which  appear  under  corresponding  cornliii 

If  the  formation  of  a  calculus  and  its  further  development  take  place  "in 
an  undecomposed  urine,  it  is  called  a  primary  formation.  If.  on  the  con- 
trary, the  urine  has  undergone  alkaline  ferme:  Rnd  the  ammonia 
formed  thereby  has  given  rise  to  a  calculus  formation  by  precipitatin? 
ammonium  urate,  triple  phosphate,  and  earthy  phosphates,  then  it  is  callwl 
o.ndakv  formation.  Such  i  formation  takes  place,  for  instance,  when 
a  foreign  body  in  the  bladder  produces  catarrh  accompanied  by  alkaline 
fermentation. 

We  discriminate  between  the  nucleus  or  nuclei — if  such  can  be  seen— 
and  the  different  i  the  calculus.    The  nucleus  may  be  essentially 

different  in  different  cases,  for  quite  frequently  it  consists  of  a  foreign  body 
introduced  into  the  bladder.     The  calculus  may  have  more  than  one  nu- 
cleus.    In  a  tabulation  made  by  Ultzmann  of  545  cases  of  urinary  ca 
the  nucleus  in  80.9  per  eent  of  the  cases  consisted  of  uric  acid  (ai 
in  5.6  per  Bent,  of  calcium  oxalate;  in  8.6  per  cent,  of  earthy  phosphates; 
in  1.4  per  cent,  of  cystin;  and  in  3.3  per  eent,  of  some  foreign  body. 

During  the  growth  of  a  calculus  it  often  happens  that,  for  some  reason 
or  other,  the  original  calculus-forming  substance  is  covered  with  another 
layer  of  a  different  substance.  A  new  layer  of  the  original  substane- 
deposit  on  the  outside  of  this,  and  this  process  may  be  repeated.  In  this 
way  a  calculus  consisting  originally  of  a  simple  stone  may  be  •■.inverted  into 
a  so-ealled   compound   stone  with   several   layers  of  differei  inoes. 

Such  calculi  are  always  formed  when  a  primary  ia  changed  into  a  secondary 
formation.  By  the  oontanned  action  of  an  alkaline  urine  containing  pus, 
the  primary  constituents  of  an  originally  primary  calculus  may  be  partly 
Ived  and  be  replaced  by  phosphates.  Metamorphosed  urinary  calculi 
are  formed  in  this  way. 

Uric-acid  calculi  are  very  abundant.  They  arc  variable  in  size  and 
form.  The  size  of  the  bladder-stone  varies  from  that  of  a  pea  or  bean  to 
that  of  a  goose-egg.  Uric-acid  stones  are  always  colored;  generally  they 
are  grayish-yellow,  yellowish-brown,  or  pale  red-brown.     The  upper  surface 
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sometimes  entirely  even  or  smooth,  sometimes  rough  or  uneven.  Next 
to  the  oxalate  calculus,  the  uric-acid  calculus  is  the  hardest.  The  fractured 
surface  shows  regular  concentric,  unequally  colored  layers  which  may  often 
be  removed  as  shells.  These  calculi  are  formed  primarily.  Layers  of  uric 
acid  sometimes  alternate  with  other  layers  of  primary  formation,  most 
frequently  with  layers  of  calcium  oxalate.  The  simple  uric-acid  calculus 
leaves  very  little  residue  when  burnt  OB  a  platinum  foil.  It  give 
murexid  test,  but  there  is  no  material  development  of  ammonia  when 
acted  on  by  caustic  soda. 

.  1  mmonium-urotr  adculi  occur  as  primary  calculi  in  new-born  or  nurs- 
ing infants,  rarely  in  crown  persons.  They  often  occur  as  a  secondary 
formation.  The  primary  stones  are  small,  with  a  pale-yellow  or  dark- 
yellowish  surface.  When  moist  they  08  almost  like  doUgb;  in  the  dry 
state  they  are  earthy,  easily  crumbling  into  a  pale  powder  rhey  give  the 
murexid  test  and  develop  much  ammonia  with  caustic  soda. 

Calcium-oxalatc  calculi  ar«\  next  to  uric-acid  calculi,  the  most  abundant. 
They  are  either  smooth  Bud  small  i'm\\ti>— i,n>  CAICULX)  or  larger,  of  the 
>f  a  hen's  egg,  with  rough,  uneven  surface,  or  their  surface  is  covered 
with  prongs  (mttldeiuiy  calculi).  These  calculi  produce  bleeding  easily, 
and  therefore  they  often  have  a  dark-brown  surface  due  to  decomposed 
Mood-coloring  matters.  Among  the  calculi  Manning  fa  DDIfl  these  are  the 
hardest.  They  dissolve  in  hydrochloric  acid  without  developing  gas,  but 
are  not  soluble  in  acetic  acid.  After  gently  heating  the  powder,  it  dissolves 
in  acetic  acid  with  frothing.  With  more  intense  heat  it  becomes  alkaline, 
due  to  the  production  of  quicklime. 

Phosphate  Calculi.  These,  which  consist  mainly  of  a  mixture  of  the 
normal  phosphate  of  the  alkaline  earths  with  triple  phosphate,  may  be  very 
large.  They  are  as  a  rule  of  secondary  formation  and  contain  b< 
these  phosphates  also  some  ammonium  urate  and  calcium  oxalate.  These 
calculi  ordinarily  consist  of  a  mixture  of  three  const ituenLs — earthy 
phosphate,  triple  phosphate,  and  ammonium  urate — surrounding  a  foreign 
as  a  nucleus.  Their  color  is  variabh — white,  ding]  White,  pale  yel- 
low, son i'  iolet  or  lilac-colored  (from  indigo  red).  The  surface  is 
always  rough.  Calculi  consisting  of  triple  phosphate  alone  are  seldom 
found.  They  are  ordinarily  small,  with  granular  or  radiated  crystalline 
fracture.  Stones  of  mono-acid  calcium  phosphate  are  also  seldom  obtained. 
They  are  white  and  have  beawliful  crystalline  texture.  The  phosphat'w 
calculi  do  not  burn  up,  the  powder  dissolves  in  n«id  without  eflervesoi 
and  the  solution  gives  the  reactions  for  phosphoric  acid  and  the  alkaline 
earths.  The  triple-phosphate  calculi  generate  ammonia  on  the  addition  of 
an  alkali. 

Calcium-carbonate  calculi  occur  chiefly  in  hcrbivora.  They  are  seldom  found 
in  man.  They  have  mostly  chalky  pro  forties,  and  are  ordinarily  white.  They 
are  completely  or  in  great  part  dissolved  by  acids  with  effervescence. 
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Cystin  calculi  occur  but  seldom.  They  are  o'  primary  formation,  of  variom 
sizes,  sometimes  as  large  as  a  hen's  egg.  They  have  a  smooth  or  rough  surface, 
are  white  or  pale  yellow,  and  have  a  crystalline  fracture.  They  are  not  very 
hard  and  are  consumed  almost  entirely  on  the  platinum  foil,  burning  with  a  bhiish 
flam".    They  irivr  the  above-mentioned  react  i  ns  for  cyst  in. 

Xanthine  calculi  are  very  rarely  found.  They  arc  also  of  primary  formation. 
They  vary  from  (lie  size  of  a  pea  to  that  of  a  hen's  egg.  They  are  whitish,  yel- 
lowish-brown or  cinnarn on-brown  in  color,  of  medium  hardness,  with  amorphous 
fracture,  and  on  rubbing  appear  like  wax.  They  burn  up  completely  whan 
heated  OO  a  platinum  foil.  They  give  the  xanthine  reaction  with  nitric  acid  ind 
alkali  but  this  must  not  be  mistaken  for  the  murexid  t< 

Urostcalith  calculi  have  been  observed  only  :i  few  times.     In  the  moist  state 
■  u  soft  aad  ejastk  at  Ihe  tempemture  of  the  body,  hut  in  the  dry  state  the? 
with  an  amorphous  fracture  and  waxy  appearance.     They  burn  witi 
a   luminous  flame  when  Seated  OTj  platinum  foil  and  generate  an  odor  similar  to 
or  shellac.     Such  a  calculus,  investigated  by  Kkikkxrerc,,'  consisted  ol 
paraffine  derived  from  a  paraffine  bougie  used  as  a  sound  on  the  patient.     Perhapj 
alith  calculi  observed  la  Otter  eases  had  a  similar  origin,  although  tie 
SUbst'.nces  of  which  they  consisted  have  not  b  studied.     Horbacts*- 

ski  has  recently  analyzed  a  case  of  urostealith  which,  to  all  appearances,  wm 
Formed  in  the  bladder.     Tin-  calculus  dbntained  20  p.  m.  water,  s  p.  m.  inn 
bodies,  117  p.  m.  bodies  insoluble  to  ether,  and  850  p.  m.  organic  bodies  e 
in  etb  t  which  were  515  p.  bl  bee  f:tt t >•  acids,  335  p.  m.  fat,  and  tracesof 

ii.    The  fatty  acids  consisted  of  a  mixture  of  stearic,   palmitic,  sod 
probably  my  fistic  acids. 

I  Iokbaczewbki  *  has  also  analyzed  a  bladder  stone  which  contained  958.7  p.  m. 
cholesb  •  in, 

rt'n  calculi  sometimes  oeeur.    They  consist  of  more  or  less  changed  fibrin 
coagulum.     On  burning  they  develop  an  odor  of  burnt  horn. 

The  chemical  investigation  of  urinary  calculi  is  of  great  practical  impor- 
tance.    To  make  such  an  examination  actually  instruct  is  necessary  to 
investigate;  separately   the  different  layers  which  constitute   th 
For  this  purpose  saw  lbs  calculus,  previously  wrapped  in  paper,  with  a  fit* 
saw  so  that  the  nucleus  becomes  accessible.      Then  peel  off  the  different 
is,  or,  if  the  stone  is  to  be  kept,  scrape  off  enough  of  the  powder. 
layer  for  examination.    This  powder  is  then  tested  by  beating  on  the 
platinum  foil.    It  must  not  be  forgotten  that  a  caleuln 
burnt  up,  and  also  that  it  is  never  so  free  from  organic  matter  that  on 
ing  it  does  not  carbonize.     l)o  not,  therefore,  lay  too  great  stress  on  a  very 
insignificant  unburnt  i               r  on  a  very  small  amount  of  organic  matter, 
but  consider  the  calculus  in  the  former  case  as  completely  burnt  and  in  the 
latter  as  unaffected. 

When  the  powder  is  in  great  part  burnt  up,  but  a  significant  quantir 
unburnt  residue  remains,  then  the  powder  in  question  contains  as  a  rulf 
urates  mind  with  inorganic  bodies.  In  such  cases  remove  the  urate  with 
boiling  water  and  then  test  the  filtrate  for  uric  acid  and  the  suspected  baa* 
The  residue  is  than  tested  according  to  the  following  schema  of  Helleb, 
which  is  well  adapted  to  the  investigation  <>f  urinary  calculi.  In  regardto 
the  more  detailed  examination  the  reader  is  referred  to  special  works  on  the 
subji 


1  Chera.  Untewuch.  z.  wissensch.  Med.,  2.    Cited  from  Maly's  Jahresber.,  IB,  422. 
1  Zeitachr.  f.  physiol.  Chera.,  18. 


EXAMINATION  OF  CALCULI. 
On  heating  the  powder  on  platinum  foil,  it 
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CHAPTER  XVI. 
THE  SKIN  AND  ITS  SECRETIONS. 

In  the  structure  of  the  skin  of  man  and  vertebrates  many  different 
kinds  of  substances  occur  which  have  already  been  considered,  such  as  the 
constituents  of  the  epidermal  formation,  the  connective  and  fatty  tissues, 
the  nerves,  muscles,  etc.  Among  these  the  different  horn  structures,  the 
hair,  nails,  etc.,  whose  chief  constituent,  keratin,  has  been  spoken  of  in 
another  chapter  (Chapter  II),  are  of  special  interest. 

The  cells  of  the  horny  structure  show,  in  proportion  to  their  age,  a 
different  resistance  to  chemical  reagents,  especially  fixfed  alkalies.  The 
younger  the  horn-cell  the  less  resistance  it  has  to  the  action  of  alkalies; 
with  advancing  age  the  resistance  becomes  greater,  and  the  cell-membranes 
of  many  horn-formations  are  nearly  insoluble  in  caustic  alkalies.  Keratin 
occurs  in  the  horn  structure  mixed  with  other  bodies,  from  which  it  js 
isolated  with  difficulty.  Among  these  bodies  the  mineral  constituents  in 
many  cases  occupy  a  prominent  place  because  of  their  quantity.  Hair 
leaves  on  burning  5-70  p.  m.  ash,  which  may  contain  in  1000  parts  230 
parts  alkali  sulphates,  140  parts  calcium  sulphate,  100  parts  iron  oxide, 
and  even  400  parts  silicic  acid.  Dark  hair  on  burning  seems  generally, 
although  not  always,  to  yield  more  iron  oxide  than  blond.  The  nails  are 
rich  in  calcium  phosphate,  and  the  feathers  rich  in  silicic  acid,  which 
Drechsel  *  claims  exists  in  part  in  organic  combination  as  an  ester. 

According  to  Gautier  and  Bertrand  s  arsenic  also  occurs  in  the  epider- 
mal formations.  The  arsenic  is,  according  to  Gautier,  of  importance  in 
the  formation  and  growth  of  the  same,  and  on  the  other  hand  these  struc- 
tures, hair,  nails,  and  epidermis-cells,  are  of  great  importance  for  the 
excretion  of  arsenic. 

The  skin  of  invertebrates  has  been  the  subject,  in  a  few  cases,  of  chemi- 
cal investigation,  and  in  these  animals  various  substances  have  been 
found,  of  which  a  few,  though  little  studied,  are  worth  discussing.  Among 
these  bodies  tunicin,  which  is  found  especially  in  the  mantle  of  the  tunicate, 
and  the  widely  diffused  chitin,  found  in  the  cuticle-formation  of  inverte- 
brates, are  of  interest. 

'Centralbl.  f.  Physiol.,  11,  361. 

*  Gautier,  Corapt.  rend.,  129,  130,  131;  Bertrand,  ibid.,  134. 
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Tunicin.    Cellulose  seems,  arcording  to   the  investigations  of  AUBBOfOT,  to 
ooeur  rather  Mttemlvdy  in  tin-  Mltaud  kingdom  in  the  arthropoda  and  tin 

It  baa  been  known  f««r  a  Img  time  as  the  mantle  of  the  iunicata,  ami  this 
animal  cellulose,  mu  called  tunicin  by  Bwrmmwt.    According  t<>  the  Inveatiga- 

khtkin  there  does  not  »eem  to  exist  any  marked  different 
tunirin  and  ordinary  vegetable  cellulose.     On  boiling  with   dilute  acid   tunicin 
dextrose,  as  shown  first  by  Francbmiont  '  and  later  confirmed  by  Win- 
Tt:i:-i  i;in. 

Chitin  is  not  found  in  vertebrates.     In  invertebrates  chitin  tB  alleged 
cur  in  several  classes  of  animals;   but  it  can  be  positively  asserted 
rue.  typical  chitin  is  found  only  ia  articulated  animal*.  In  which  it 
forms  the  chief  organic  constituent  of  the  shell,  etc.     According  to  Kkaw- 
ehitin  nf  the  shell,  etc.,  docs  not  seem  to  occur  free,  hut   in 
lion   with   aniithcr  substance,   probably   a   protc-id-like    body.     Chitin 
iconting  to  GtLSON  and  Wixtkkstkin,8  in  certain  fungi 
ng  to  Sundvik  the  formula  of  chitin  is  probably  CwH100NtOM+ 
a(HjO),  where  n  may  vary  between  1  and  4,  and  it  is  probably  an  amine 
derivative    Of    a    carbohydrate,    with    the    general    formula    n(C17II 
taoording  to  Khawkow  the  ehitinsof  different  origin  show  different  behavior 
with  iodine,  and  he  therefore  com  huh-  that  there  in-  I  quite  a  group 

of  chitxne,  which  seem  to  be  amine  derivatives  of  different  carbohydrates, 
such  as  dextrose,  glycogen,  dextrins,  etc.  According  to  ZaSBSH  *  only  two 
chitins  exist,  one  of  which  turns  violet  with  iodine  and  zinc  chloride,  and 
the  other  brown. 

Chitin  ie  decomposed  on  boiling  with  mineral  acids  and  yields,  as  shown 
by  Ledderhose,  dtu  and  sosttc  add,    Schmiedederg 

riders  chitin  as  a  probable  acetyl  acetic-acid  combination  of  glucosamine. 
Fkankkl  and  Kkij.y,1  on  the  contrary,  consider  chitin  as  of  a  CD 
plicated  composition.  The  most  characteristic  cleavage  product  obtained  by 
them  was  a  chitosamiue  acetylised  at  the  nitrogen  atom,  CflH,  •  I  ,.\.<'<  >CH„ 
and  a  Becond  product,  aeetyldichitosamine,  CuHMOl0N2,  which  has  the 
same  composition  as  chitosan  (see  below),  but  is  essentially  different  in 
many  regards. 

In  the  dry  state  chitin  forms  a  white,  brittle  mass  retaining  the  form  of 
Original  tissue.    It  is  insoluble  in  boiling  water,  alcohol,  ether,  m 
acid,  dilute  mineral  acids,  and  dilute  alkalies.    It  is  soluble  in  concentrated 


1  Aiiibronn.  Maly's  Jahresber.,  20;  Bcrthclot,  Annal.  di  Cliim.  rt  Phys.,  50,  C'ompt. 
mid.,  17;  Winterstein,  Zeitschr.  f  phyaiol  Chem.,  18;  Franchimont,  Ber.  d.  dcutach. 
Obem.  Gesellsch.,  12 

:  Zeitschr.  f.  Hiologie.  29. 

'Gilson,  Compt.  rend.,  120;  Winterstein,  Ber.  d.  deutsch.  chem.  GeseUsch.,  27 
and  28. 

•  Bondvik,  Zeitschr.  f.  physiol.  Chem,  5;  Zander,  PflGger's  Arch.,  GO. 

'Ledderhose,  Zeitschr.  f.  physiol  Chan.,  2  and  4;  Schmiedoberg,  Arch.  f.  eoq>. 
Path.  u.  Pharm..  28;  Frankel  and  Kelly,  Mouatehcfte  f.  Chem.,  23. 
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acids.  It  is  dissolved  without  decomposing  in  cold  concentrated  i 
chloric  acid,  but  is  decomposed  by  boiling  hydrochloric  acid.  When  chitin, 
is  dissolved  in  concentrated  sulphuric  acid  and  the  solution  dropped  into 
boiling  water  and  then  boiled,  a  substance  is  obtained  (glucosamine,  chitos- 
amine)  which  reduces  copper  suboxide  in  alkaline  solutions.  According 
to  Hoppe-Sevi.ku  and  Afiaki,1  on  heating  chitin  with  alkali  and  a  little 
water  to  180°  C.  a  cleavage  takes  place  with  the  splitting  off  of  acetic  acid, 
and  the  formation  of  a  new  substance,  chitosan,  Cl4H„N,Ol0,  which  retains 
the  shape  of  the  original  chitin.  Chitosan  is  insoluble  in  water  and  alkali, 
but  dissolves  in  dilute  acids,  also  acetic  acid,  and  is  colored  violet  by  a 
dilute  iodine  solution.  It  splits  into  acetic  acid  and  glucosamine  by  the 
action  of  hydrochloric  acid.  On  heating  with  acetic  anhydride  it  is  con- 
verted into  a  chitin-like  substance  which  is  not  identical  with  chitin  anil 
contains  at  least  three  acetyl  groups.  According  to  Krawkow  the  various 
chit  ins  behave  differently  with  iodine  or  with  sulphuric  acid  and  iodine, 
in  that  some  are  colored  reddish  brown,  blue,  or  violet,  while  others  are 
not  colored  at  all. 

Chitin  may  be  easily  prepared  from  the  wings  of  insects  or  from  the 
shells   of    the  lobster  or  the  crab,  the  last-mentioned  having  first  been 
extracted  by  an  acid  so  as  to  remove  the  lime 
are  boiled  with  caustic  alkali  until  they  arc  white  afterward  washed 

■  ■<:,  then  with  dilute  acid  and  water,  and  lastly  extracted  with  &1 
and  ether.     If  chitin  BO  prepare.  1  i-  djsat  1 . .  •  1  in  cold,  concentrate 
acid  and  diluted  with  cold  water,  then  pure  chitin  separati 
been  set  free  from  the  combination  with  the  other  bodies  (Kka\\k< 

Hjalin  b  the  chief  organic  constituent  of  the  walls  of  h\  i 
chemical  point  of  view  it  stands  close  to  chitin,  or  between  it  ai 
old  and  more  transparent  sacs  it  is  tolerably  free  from  mineral  bodies,  I 
younger  sacs  it  contains  a  great  quantity  (16  per  cent)  of  lime  salts  (carbonate, 
phosphate,  ami  sulphate). 

According  to  Lucks:  '  its  composition  is: 

C 

From  old  cysts 45 . 3 

From  young  cysts 44. 1 

It  differs  from  keratin  on  the  one  band  and  from  proteids  on  the  other 
absence  of  sulphur,  also  by  its  yielding,  when  boiled  with  dilute  aul]  io4» 

variety  of  sugar  in  large  quantities  (50  per  cent),  which  is  reducing,  fernim 
and  dextrogyrate.     It  differs  from   -hit in   bv  the  pro|)erty  of  being  gradual)? 
dissolved  l>>  inustic  potash  or  soda,  or  by  dilute  acids;  also  by  its  solubility  on 
heating  with  water  to  150°  C. 

coloring  matters  of  the  skin  and  horn-formations  are  of  different 
lands,  but  have  not  been  much  studied.  Those  occurring  in  the  stratum 
Ifajpighfi  of  the  skin,  especially  of  the  negro,  and  the  black  or  brown  j)k- 
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1  Zeitachr.  f.  physiol.  Chem.,  20. 


tioTv'a  Arch.,  19. 
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ment   occurring   in   the  hair,  belong   to  the   group    of  those  substances 
which  have  received  the  name  melanins. 

Melanins.  This  group  includes  several  different  varieties  of  amorphous 
black  or  brown  pigments  which  are  insoluble  in  water,  alcohol,  ether, 
chloroform,  and  dilute  acids,  and  winch  occur  in  the  skin,  hair,  epithelium- 
rflK  of  the  retina,  in  sepia,  in  certain  pathological  formations,  and  in  the 
blood  and  urine  in  disease.  Of  these  pigments  there  are  a  few,  such  as  the 
melanin  of  the  eye,  Schmiedeberq's  sarcomelanin,  and  that  bom  the 
melanotic  sarcomata  of  horses,  the  hippomelanin  (Ne.vcki,  Sieber,  and 
Berdez),  which  are  soluble  with  difficulty  in  alkalies,  while  others,  Hiich  as 
the  pigment  of  the  hair  and  the  coloring  matter  of  certain  pathological 
swellings  in  man,  the  phynviforhutin  (Nencki  and  Berdez),  are  easily  solu- 
ble in  alkalies.  The  humus-like  products,  called  mrhmoidic  acids  by 
Schmiedebeko,  obtained  on  boiling  proteids  with  mineral  acids,  are  rather 
easily  soluble  in  alkalies. 

Among  the  melanins  there  are  a  few,  for  example  the  choroid  pigment, 
which  are  free  from  sulphur  (Landolt  and  others);  others,  on  the  contrary, 
as  sarcomelanin  and  the  pigment  of  the  hair  and  of  horse-hair,  are  rather 
rich  in  sulphur  (2-4  per  rent),  while  the  phymatorhusin  found  in  certain 
swellings  and  in  the  urine  (Xencki  and  Berdez,  K.  Morneb)  is  very  rich 
in  sulphur  (8-10  per  cent).  Whether  any  of  these  pigments,  especially 
the  phymatorhusin,  contains  any  iron  or  not  is  an  important  though  dis- 
puted point,  for  ii  lend  tfaae  these  pigments  are  formed 
from  the  blood-coloring  matters.  K.  Mokmh  and  later  also  Bra.ndl  and 
L.  Pfeiffer  found,  on  the  contrary,  that  this  pigment  did  contain  iron,  and 
they  consider  it  as  a  derivative  of  the  blood-pigments.  The  sarconv 
(from  a  sarcomatous  liver)  analyzed  by  Schmjedeberg  contained  2.7  per 
cent  iron,  which  was  in  organic  combination  in  part  and  could  nol  bf  com- 
pletely removed  by  dilute  hydrochloric  acid.  The  sarcomtfonic  acid  pre- 
pared by  SCHMXEDZBEBG  by  the  action  of  alkali  on  this  melanin  contained 
1.07  per  cent  iron.  The  sarcomelanin  investigated  by  Zdarek  and  v.  Zky- 
XEK  '  also  contained  0.4  per  cent  iron. 

The  difficulties  which  attend  the  isolation  and  purification  of  the  mela- 
nin.- have  not  been  overcome  in  certain  cases,  while  in  others  it  is  quest  inn- 
able  whether  the  final  product  obtained  has  not  another  composition  than 
the  original  coloring  matter,  owing  to  the  energetic  chemical  processes 
resorted  to  in  its  purification.  Under  such  circumstances  it  seems  that  a 
tabulation  of  the  analyses  of  different  melanin  preparations  made  up  to 
the  present  time  is  of  secondary  importance. 


1  Zeitachr.  f  physiol.  Cbem.,  30.  The  literature  on  the  melanins  may  be  found 
in  Schmiedeberg,  "Ek'nientarforraeln  einiger  Eiweisskorper,  etc."  Arch.  f.  exp. 
Path.  u.  Pharm.,  80;  also  in  Kobert,  Wiener  Klinik,  28  (1901),  and  Spiegler,  Hof- 
mei$trr*B  Beitragv,  4. 
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The  one  or  more  pigments  of  the  human  hair  have  a  low  percentage 
of  nitrogen,  8.5  per  cent  (Sieber),  and  a  variable  but  considerable  amount 
of  sulphur,  2.71-4.10  per  cent.  The  greet  quantity  of  iron  oxide  which 
remains  on  incinerating  hair  does  not  seem  to  belong  to  the  pigments 
pigment  of  the  negro's  skin  and  hair  was  found  entirely  free  from  iron 
by  AfiSL  and  Davis.  The  pigment  prepared  by  Si-iegler  from  the  hair 
•  ■f  animals  also  ctmtaaned  no  iron. 

So  little  is  known  about  the  structural  products  of  the  melanins  or 
melanoids  that  it  is  impossible  to  give  the  origin  of  these  bodies.  A* 
undoubtedly  there  are  several  distinct  melanins,  their  origin  must  also  be 
inot.     The  ferruginous  melanins  should  be  considered  mating 

from  the  blood-pigments  until  further  research  pi  Mat 

melanins — and  this  is  also  true  for  the  melanoids  produced  from  protekls  on 
cleavage  with  acids  (S  UtfUKLT) — yield  indol  orskatol  and  a  pyrrol  substance, 
and  we  must  therefore  admit  with  Samuely  *  that  the  different  cliromogen 
groups  contained  in  the  proteid  molecule,  which  readily  yield  aromatic 
and  specially  heterocyclic  nuclei.  Qondenim  with  the  elimination  of  water 
and  absorption  of  oxygen,  producing  dark  products  the  mixture  of  which 
forms  the  melanoids. 

It  has  also  been  found  that  by  the  action  of  tyrosinases  upon  tyrorin 
dark  products  similar  to  melanin  are  formed,  and  these,  like  the  animal 
melanins,  yield  substances  smelling  like  skatol  on  fu  h  alkali.    Cer- 

tain  investigators,  such  as  Uessard,  v.  FCrth  and  Schneider,*  are  there- 
fore of  the  opinion  that  tyrosin  is  the  mother-substance  of  the  melanins. 

In  addition  to  the  coloring  matters  of  the  human  skin  it  la  in  place  hereto 
of  the  pigments  found  in  the  skin  or  epidermal  farmatioi  mala. 

The  beautiful  color  of  the  feather!  of  many  birds  dc|x-uds  in  certain  case*  oo 
purely  physical  causes  (interference-phenomena,),  but  in  other  cases  on  coloro| 
matters  of  various  kinds.     Such  a  coloring  matter  ia  the  amoi  |  ddish-viokl 

turttt-in,  which  mi  Mains  7  per  id  whose  spectrum  i  -Hilar  to  thai 

of  ozyhamoglobui.    Kaukbnbxbg  *  1  large  numl  loring  matti 

birds'  feathers,  namely,  lOOeryQmn,  zoojulvin,  luracot'irdin,  zoitrubin,  psiUacofulri* 
and  others  which  OSJmet  be  enumerated  li 

Tetronerythrin,  so  named  by  W'ikm.  is  a  red  amorphous  pigment  which  » 
soluble  in  III ■nlinl  wd  ether,  and  which  occurs  in  the  red  warty  spots  over  thee)* 
of  the  h  and  the  grouse,  and  which  ia  very  widely  .spread  ani 

^vertebrate    (HauJBOBTON.   Dl   Meretkowski,   MmMinn).     Besides  tet 
erythrin  M  tcMuMN  found  in  the  shell 

,  which  turns  red  with  acids  and  by  boiling  water.     Hamate?*' 
to  M acMinn,'  also  occurs  in  the  integuments  of  certain  of  the 
:    iiuiuml-'. 

1  Hofmeister's  Beit  rage,  2. 

'Gemini,  CompL  rend  .1W;  v.    Furth  and  Bofrpridflf,  fTmfmiisrtnt'l  Beitrtige.  I 

iefasnds  physiol    Studien,  Abth.  5.  and  (2.  Reihe)  Al.th.  I.  I'.l.  Abth.  2, 1, 
and  Abth.  3.  128. 

'  Wurtn,  cited  from  Maly'a  J  a  brasher,  1;  Halliburton,  Journ.  of  Phytic! ,  •; 
Merejkowski,    Compt.    rend.,    93;    MacMunn,  Proc.  Roy.  Soc,  1883,  and  Joum.  of 

Physiol,  : 
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In  certain  butterflies  (the  pieridinae)  the  white  pigment  of  the  wings  consists, 
as  i  hown  by  Hopkins,1  of  uric  acid,  and  the  yellow  pigment  of  a  uric-acid  deriva- 
tive, lepidotic  acid,  which  yields  a  purple  substance,  lepidoporphyrin,  on  warming 
with  dilute  sulphuric  acid.  The  yellow  and  red  pigment  of  the  Vanessa  are, 
according  to  Linden,3  of  an  entirely  different  kind.  In  this  case  we  are  dealing 
with  a  compound  between  proteid  and  a  pigment  which  is  allied  to  bilirubin  or 
urobilin,  i.e.,  a  compound  similar  to  haemoglobin. 

In  addition  to  the  coloring  matters  thus  far  mentioned  a  few  others  found  in 
certain  animals  (though  not  in  the  skin)  will  be  spoken  of. 

Carminic  acid,  or  the  red  pigment  of  the  cochineal,  gives  on  oxidation,  according 
to  Liebermann  and  Voswinckel,8  cochenillic  acid,  C10HgO7,  and  coccinic  acid, 
C0H8O6,  the  first  being  the  tri-carbonic  acid,  and  the  other  the  di-carbonic  acid  of 
m-creaol.  The  beautiful  purple  solution  of  ammonium  canninate  has  two  absorp- 
tion-bands between  D  and  E  which  are  similar  to  those  of  oxyhemoglobin.  These 
bands  lie  nearer  to  E  and  closer  together  and  are  less  sharply  defined.  Purple  is 
the  evaporated  residue  from  the  purple-violet  secretion,  caused  by  the  action 
of  the  sunlight,  from  the  so-called  "  purple  gland  "  of  the  mantle  of  certain  species 
of  murex  and  purpura.     Its  chemical  nature  has  not  been  investigated. 

Among  the  remaining  coloring  matters  found  in  invertebrates  may  be  men- 
tioned blue  8tentorin,  actiniochrom,  bonellin,  polyperythrin,  perUacrinin,  antedonin, 
crustaceorubin,  janthinin,  and  chlorophyll. 

Sebum  when  freshly  secreted  is  an  oily  semi-fluid  mass  which 
solidifies  on  the  upper  surface  of  the  skin,  forming  a  greasy  coating.  The 
quantity  varies  with  the  individual.  Hoppe-Seyler  has  found  in  the 
sebum  a  body  similar  to  casein  besides  albumin  and  fat.  Cholesterin  is 
also  found  in  this  fat,  and  in  especially  large  quantities  in  the  vernix 
caseosa.  The  solids  of  the  sebum  consist  chiefly  of  fat,  epithelium-cells, 
and  protein  bodies;  the  vernix  caseosa  is  made  up  chiefly  of  fat. 
Ruppel  4  found  on  an  average  in  the  vernix  caseosa  348.52  p.  m.  water 
and  138.72  p.  m.  ether  extractives.  Besides  ch6lesterin  he  found  also 
isocholesterin. 

On  account  of  the  generally  diffused  view  that  the  wax  of  the  plant 
epidermis  serves  as  protection  for  the  inner  parts  of  the  fruit  and  plant,  Lie- 
breich  s  has  suggested  that  these  combinations  of  fatty  acids  with  mona- 
tomic  alcohols  are  the  cause  of  the  waxes  having  a  greater  resistance  as  com- 
pared with  the  glycerine  fats.  He  also  considers  that  the  cholesterin  fats  play 
the  r61e  of  a  protective  fat  in  the  animal  kingdom,  and  he  has  been  able 
to  detect  cholesterin  fat  in  human  skin  and  hair,  in  vernix  caseosa,  whale- 
bone, tortoise-shell,  cow's  horn,  the  feathers  and  beaks  of  several  birds, 
the  spines  of  the  hedgehog  and  porcupine,  the  hoofs  of  horses,  etc.  He 
draws  the  following  conclusion  from  this,  namely,  that  the  cholesterin  fats 
always  appear  in  combination  with  the  keratinous  substance,  and  that 


*  Phil.  Trans.,  186. 

*  Pfluger's  Arch.,  98. 

*  Ber.  d.  deutach.  cbem.  Geaellsch.,  30. 

4  Hoppe-Seyler,  Physiol.  Chem.,  760;  Ruppel,  Zeitachr.  f.  physiol.  Chera.,  2L 
•Virchow's  Arch.,  121. 
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the  cholesterin  fat,  like  the  wax  of  plants,  serves  as  protection  for  the 
surface  of  animals. 

In  the  fatty  protective  substance  secreted  by  the  Psylla  aJni  Strtrovnc1  has 
found  psvlla-afcohol,  CLH^O,  which  exists  there  as  an  ester  in  combination  with 
payllic  acid,  C^H.COOH. 

Cerumen  is  a  mixture  of  the  secretion  of  the  sebaceous  and  sweat  glands 
of  the  cartilaginous  part  of  the  outer  organs  of  hearing.     It  contains  chiefly 
soaps  and  fat,  fatty  acids,  cholesterin  and  protaid,  and  besides  these  a  red 
t&nce  easily  soluble  in  alcohol  and  with  a  bittep-ftvroot  taste.1 

The  preputial   secretion,  smegma  prapxUii,  contains  chiefly  fat,  also 
cholesterin    and    ammonium    snaps,    which    probably    are    produced 
decomposed  urine.     The  hippuric  acid,  benzoic  acid,  and  calcium  oxalate 
found  in  the  smegma  of  the  horse  have  probably  the  same  origin. 

We  may  also  consider  as  a  preputial  secretion  the  caxtoreum.  which  is  seer. 
by  two  peculiar  glandular  sacs  in  the  prepuce  of  the  beaver.    This  castoreun 
mixture  of  proteids,  fat,  resins,  traces  of  phenol  (volatile  oil),  and  a 
cnous  body,  castorin,  crystallizing   in  four-sided  needles  from  alcohol,  insoluble 
in  cold  water,  but  somewhat  soluble  in  boiling  water,  and  whose  composition  i> 
little  known. 

In  the  secretion  from  the  anal  glands  of  the  skunk  butyl  rnercaptan  and  alkyl 
sulphide  have  been  found  <  Aijuuoh,  E.  Beckmann  *). 

Woul-fal,  or  the  k) -called  fat-sweat  of  sheep,  is  a  mixture  of  the  secr> 
the  sudoriparous  and  sebaceous  glands.    There  is  found  in  the  watery  extract  a  lam 
quantity  of  potassium  which  is  oombfaed  with  organic  acid,  volatile  and  nuu-volsw 

i'  hIh,  benzoic  acid,  phenol-sulphuric  aci  I, 
arid.  :uid  others.     The  fat     ontains,  among  Other  bodies,  abundant  quantities 
of  ethers  of  fatty  acids  with  cholesterin  and  isocholesterin.      Darmstadtgm  nod 
LiFsciTtrra  '  have  found  alcohols  in   wool-fat  besides  myri  I.  abo 

two  oxyfatty  acids,  lanoccric  acid,  C„HB0Oj,  and  lanopalmitic  acid 

The  secretion  of  the  coccygeal  glands  of  ducks  and  geese  contains  a  body  similar 
to  casein,  nudam,  1  ul  fat,  but  no  biuesj 

Poison  us  bodies  have  l>een  found  in  the  aeeretion  alamandfl" 

and  the  toad,  namely,  namandarin  (Zaleski,  !  iBKAfti  ami 

Caoau),  bufotatin  and  the  disputed  bodies  tmfonin  and  bufotenin  (Faust,  Bu- 
trand  and  Phisaux1). 

The  Perspiration.    Of  thesecretioi  kin,  whose  quantity  amounts 

to  about  (^  of  the  weight  of.  the  body,  a  disproportionally  large  part  consists 
of  water.     Next  to  tin*  kidneys,   the  skin  in  man  is  the  m  riant 

means  for  the  elimination  of  water.     As  the  glands  of  the  skin  and  tk 


1  Zeitschr.  f.  physiol.  Chem.,  17,  2.*>,  and  32. 

'See  Laxnois  and  Harts,  Muly's  Jahresber.,  27,  40. 

1  Aldrich,  Joum  of  Expt.  Med..  1 ;  Beckmann,  Maly's  Jahresber.,  26,  666, 

*  Ber.  d.  deutsch.  cbem.  GeseUsch.,  29  and  31. 

1  De  Jonge,  Zeitschr.  f.   physiol.  Chem.,  3;    Zaleski,  Hoppe-Seyler'B  Med -cheffl 

p»uch.,  86;  Faust,  Arch.  f.  exp.  Path.  u.  Pharm.,  41;  Jornara  and  Casali,  M*k'» 

Jahrcsljer..  S;  Faust,  Arch.  f,  exp.  Path.  u.  Pharm.,  4*.  49:   Pert  rand,  Compt  rati, 

186:    Bertrand  and  Phisalix,  ibid. 
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kidneys  stand  near  to  each  other  in  regard  to  their  functions,  they  may  to 
a  certain  extent  act  vicariously. 

The  circumstances  which  influence  the  secretion  of  perspiration  are 
very  numerous,  and  the  quantity  of  sweat  secreted  must  consequently 
vary  considerably.  The  secretion  differs  for  different  parts  of  the  skin, 
and  it  has  been  stated  that  the  perspiration  of  the  cheek,  that  of  the  palm 
of  the  hand,  and  that  under  the  arm  stand  to  each  other  as  100:90:45. 
From  the  unequal  secretion  on  different  parts  of  the  body  it  follows  that 
no  results  as  to  the  quantity  of  secretion  for  the  entire  surface  of  the  body 
can  be  calculated  from  the  quantity  secreted  by  a  small  part  of  the  skin  in 
a  given  time.  In  determining  the  total  quantity  a  stronger  secretion  is 
as  a  rule  produced,  and  as  the  glands  can  with  difficulty  work  for  a  long 
time  with  the  same  energy,  it  is  hardly  correct  to  estimate  the  quantity 
of  secretion  per  day  from  a  strong  secretion  during  only  a  short  time. 

The  perspiration  obtained  for  investigation  is  never  quite  pure,  but 
contains  cast-off  epidermis-cells,  also  cells  and  fat-globules  from  the  seba- 
ceous glands.  Filtered  perspiration  is  a  clear,  colorless  fluid  with  a  salty 
taste  and  of  different  odors  from  different  parts  of  the  body.  The  physio- 
logical reaction  is  acid,  according  to  most  statements.  Under  certain  con- 
ditions also  an  alkaline  sweat  may  be  secreted  (Trumpy  and  Luchsinoer, 
Heuss).  An  alkaline  reaction  may  also  depend  on  a  decomposition  with 
the  formation  of  ammonia.  According  to  a  few  investigators  the  physio- 
logical reaction  is  alkaline,  and  an  acid  reaction  depends,  according  to  them, 
upon  an  admixture  of  fatty  acids  from  the  sebum.  Camerer  found 
that  the  reaction  of  human  perspiration  in  certain  cases  was  acid  and  in 
others  alkaline.  Moriggia  found  that  the  sweat  from  herbivora  was 
ordinarily  alkaline,  while  that  from  carnivora  was  generally  acid.  Accord- 
ing to  Smith  '  horse's  sweat  is  strongly  alkaline. 

The  specific  gravity  of  human  perspiration  varies  between  •1.001  and 
1.010.  It  contains  977.4-995.6  p.  m.,  average  about  982  p.  m.  water.  The 
solids  are  4.4-22.6  p.  m.  The  molecular  concentration  is  also  very  variable 
and  the  freezing-point  depression  depends  essentially  upon  the  content  of 
NaCl.  Ardin-Delteil  found  J  =>  - 0.08  -  0.46°,  average  -  0.237°.  Brieger 
and  Disselhorst  *  found  with  perspiration  containing  2.9/  7.07  and  13.5 
p.  m.  NaCl  that  the  A  was  equal  to  -0.322°,  -0.608°  and  -1.002°,  respec- 
tively. The  organic  bodies  are  neutral  fats,  cholesterin,  volatile  fatty  acids, 
traces  of  proteid  (according  to  Leclerc  and  Smith  always  in  horses,  and 


1  Trumpy  and  Luchsinger,  Pfliiger's  Arch.,  18;  Heuss,  Maly's  Jahresber.,  22; 
Camerer,  Zeitschr.  f.  Biologio,  41;  Moriggia,  Moleschott's  Untersuch,  cur  Naturlehre, 
11;  Smith,  Journ.  of  Physiol.,  11.  In  regard  to  the  older  literature  on  perspiration, 
see  Hermann's  Handbuch,  5,  Thl.  1,  421  and  543. 

'Ardin-Delteil,  Maly's  Jahresber.,  30;  Breiger  and  Disselhorst,  Deutsoh.  mod. 
Wochenschr.,  29. 
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according  to  Gaube   regularly  in  man.  while-  I  laims  only  .some- 

times after  hot  baths,  in  Bkicht's  disease,  and  after  the  use  of  pUooarpin), 
also  creatinine  (Capr.vnica),  aromatic   ozyacids.  B   acid*  of 

phenol  and  skatoxyl  (Kast3),  sometimes  also  of  indoxyl.  and  lastly  ur'u- 
Tlie  quantity  of    urea    has   been    determined    by  Ak<  In  bra 

steam-bath  experiments  in  which  in  the  course  of  K  and  j  hour  respectively 
he  obtained  225  and  330c.  c.  of  perspiration,  he  found  1.61  and  L24  p.  m. 
urea.     Of  the  total  nitrogen  of  the  perspiration  in  these  two  experiment* 
68-S  per  cent  and   7-4.9  per  cent  respectively  belong  to  the  urea.     I 
Aitc.UTiNsKv's  experiments,  and  also  from  those  of  Omnia,1  <  that 

of  the  total  nitrogen  8  portion  not  to  be  disregarded  b  eliminated  b] 
perspiration.     This   portion  was  indeed  12  per  cent   in   an  expe 

'•mperaturc  and  powerful  muscular  activity      I        <  H  has 
also  found  ammonia  in  the  perspiration.      In  uraemia,  and  in  anuria  in 
cholera,  urea  may  be  secreted  in  such  quantities  by  the  bw< 
upon   the  skin.     The  mineral  bodies   eon 
"Hum  chloride  •  lum  chloride, 

pliate.     Therein  i  i  titics  of   these  in   perspiration   differ 

fmm    the  quantities    in    the    urine   (Favre,1    Kast).      The   relation 
according  to  Kast.  ia  aa  follows: 

Chlorine  :  Phosphate  :  Sulphate 

In  perapimtioD l        :    O.OOlfl         u  009 

in  urine I        :    0.1320    :    0.307 

Kast  found  that  the  proportion  of  ethereal-sulphuric  acid  fo  Tl 
p hate-sulphuric  acid  in  perspiratiun  was  1: 12.     After  the  administration  of 
aromatic  substances  the  ethereal-sulphuric  acid  does  n  ase  to  the 

same  extent  in  the  perg] Oration  u  in  the  lirine  (see  Chapter  XV). 

■  :r  may  pass  into  the  perspiration   in  diabetes,  but  the  passage  of  r 
coloring  matters  has  not  been  positively  shown  In  this  secretion.     Benzoic  arid, 
succinic  acid,  tartaric  m  N ',    mercuric  chloruk,   and  JVUIUM  pa* 

into  tlie  perspiration.    Uric  acid  has  also  been  fa  unci  in  the  paraph 
and  i  j  stimiria. 

Cbromhidrosls   a  the  name   given  to  the    secretion    of   colored    persj  iratioo. 
atimaa  parapiration  has  been  observed  to  be  colon-d  blua 
nvocyanin,  or  by  fcrro-jjhospliate   (KoLLMANN  •).    True   Mood-sweat)   in 

•leg  exude  from  the  opening  of  the  glands,  has  also  been  observed 

The  exchange  of  gas  through  the  skin  in  man  is  of  very  little  importance 
compared  with  the  exchange  of  gas  by  the  lungs.    The  absorption  ol 

1  Leclerc,  Compt.  rend.,  107;    Gaube,  Maly's  Jahresber.,  22;    Leube,  Yiiehow'i 
Are*.,  4S  and  60,  and  Arch.  f.  klin.  Med..  7. 

1  Capranica,  Maly's  Jahresber.,  12;    Kast,  Zeitschr.  f.  physiol.  Cbem  ,  II. 

'Argutinsky,  Pfliiger'a  Arch.,  46;   Cramer,  Arch,  f.  Hygiene,  10. 
OOOpt  rend.,  85,  and  Arch.  gCn<r.  de  Med.  (5).  2. 

*  IMrio,  Wien.  Sitzungsber.,  30;    Kollmann,  cited    from  \,  Gorup-Beaanex 'a  Lehr- 
buch,  4.  Aufl.,  665. 
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gen  by  the  skin,  which  was  first  shown  by  Regnault  and  Reiset,  is  very 
small.  The  quantity  of  carbon  dioxide  eliminated  by  the  akin  increases 
with  the  rise  of  temperature  (Aubert,  Rohrig,  Fubini  and  Ronchi,  Bar- 
ratt  *).  It  is  also  greater  in  light  than  in  darkness.  It  is  greater  during 
digestion  than  when  fasting,  and  greater  after  a  vegetable  than  after  an 
animal  diet  (Fubini  and  Ronchi).  The  quantity  calculated  by  various 
investigators  for  the  entire  skin  surface  in  twenty-four  hours  varies  between 
2.23  and  32.8  grams.3  In  a  horse,  Zuntz  with  Lehmann  and  Hagemann  * 
found  for  twenty-four  hours  an  elimination  of  carbon  dioxide  by  the  skin 
and  intestine  which  amounted  to  nearly  3  per  cent  of  the  total  respiration. 
Less  than  four-fifths  of  this  carbon  dioxide  came  from  the  skin  respiration. 
According  to  the  same  investigators  the  skin  respiration  equals  2  J  per  cent 
of  the  simultaneous  lung  respiration. 

1  Aubert,  Pfliiger'e  Arch.,  6;  Rohrig,  Deutsch.  Klin.,  1872, 209;  Fubini  and  Ronchi, 
Moleschott'a  Untersuch.  t.  Naturlehre,  12;  Barratt,  Journ.  of  Physiol.,  21. 
'See  Hoppe-Seyler,  Physiol.  Chem.,  580. 
*  Du  Bois-Reymond's  Arch.,  1894,  and  Maly's  Jahreaber.,  24. 


CHAPTER  XVII. 

CHEMISTRY  OF  RESPIRATION. 

During  life  a  constant  exchange  of  gases  takes  place  between  tat 
animal  body  and  the  surrounding  medium.  Oxygen  is  inspired  and  eartwa 
dioxide  expired.  This  exchange  of  gases,  which  is  called  respiration,  ■ 
brought  about  in  man  and  vertebrates  by  the  nutritive  fluids,  blood  aid 
lymph,  which  circulate  in  the  body  and  which  are  in  constant  qommnfc» 
iron  with  the  outer  medium  on  one  side  and  the  tissue-elements  on  the 
other.  Such  an  exchange  of  gaseous  constituents  may  take  place  where** 
the  anatomical  conditions  offer  no  obstacle,  and  in  man  it  may  go  on  in  tie 
intestinal  tract,  through  the  skin,  and  in  the  lungs.  As  compared  witk 
the  exchange  of  gas  in  the  lungs,  the  exchange  already  mentioned,  whfca 
occurs  in  the  intestine  and  through  the  skin,  is  very  insignificant  For  tha 
reason  we  will  discuss  in  this  chapter  only  the  exchange  of  gas  between  tat 
blood  and  the  air  of  the  lungs  on  one  side  and  the  blood  and  lymph  end 
the  tissues  on  the  other.  The  first  is  often  designated  as  external  respira- 
tion, and  the  other,  internal  respiration. 

I.  The  Oases  of  the  Blood. 

Since  the  pioneer  investigations  of  Magnus  and  Lothar  Meter  the 
gases  of  the  blood  have  formed  the  subject  of  repeated  careful  investiga- 
tions by  prominent  experimenters,  among  whom  must  be  mentioned  first 
C.  Ludwio  and  his  pupils  and  E.  Pkluger  and  his  school.  By  these  inves- 
tigations not  only  has  science  been  enriched  by  a  mass  of  facts,  but  abo 
the  methods  themselves  have  been  made  more  perfect  and  accurate.  In 
regard  to  these  methods,  as  also  in  regard  to  the  laws  of  the  absorption  of 
gases  by  liquids,  dissociation,  and  related  questions,  the  reader  is  referred 
to  text-books  on  physiology,  on  physics,  and  on  gasometric  analysis. 

The  gases  occurring  in  blood  under  physiological  conditions  are  oxygen, 
carbon  dioxide,  and  nitrogen,  and  traces  of  argon.  The  nitrogen  is  found 
only  in  very  small  quantities,  on  an  average  1.8  vols,  per  cent.  The  quan- 
tity is  here,  as  in  all  following  experiments,  calculated  for  0°  C.  and  760  nun. 
pressure.  The  nitrogen  seems  to  be  simply  absorbed  by  the  blood,  at 
least  in  great  part.  It  appears,  like  argon,  to  play  no  direct  part  in  the 
processes  of  life,  and  its  quantity  varies  but  slightly  in  the  blood  of  differ- 
ent blood-vessels. 


\'TITY  OF  OXYGEN   AND  CARBON  DIOXIDE. 


509 


The  oxygen  and  carbon  dioxide  behave  otherwise,  as  their  quantities 
have  significant  variations,  not  only  in  the  blood  from  different  bl 
vessels,  but  also  because  many  conditions,  such  as  a  difference  in  the  rapi-I- 

Pity  of  circulation,  a  different  temperature,  rest  and  Bi -li\  iiy,  cause  a  chu: 
In  Kgard  to  the  gases  they  contain  the  greatest,  difference  is  observ.iM*- 
between  the  blood  of  the  arteries  and  that  of  the  vi d 

The  quantity  of  oxygen  in  the  arterial  blood  of  dogs  is  on  an  average 
22  vols,  per  cent  (I  i.     In  human  bk  OUnd  about 

the  same  quantity,  namely.  21. ii  vols,  per  cent.     Lower  figures  h;> 
found  for  rabbit's  and  bird's  blood,  respectively  ii  and  1M  1"' 

per  cent  (Waltkr,  JoLTBT).     Venous  blood  in  different  vascular  re 
has  very  variable  quantities  of  oxygen.     By  summarizing  a  great  number 

»of  analyses  by  different  gperhlMfltgB  Ztr.vrz  has  calculated  that  the 
venous  blood  of  the  right  Bide  oJ  the  heart  contains  on  an  average  7.16"  pal 
cent  less  oxygen  than  the  arterial  blood. 

The  quantity  of  carbon  dioxide  in  the  arterial  blood  (of  dogs)  is  30  to 
40  vols,  per  cent  (Ludwig,  Setsciiekow,  Pfluger,  P.  Bert,  and  others), 
most  generally  about  40  per  cent.  Sktschkxow  found  40*3  vols,  per  cent 
in  human  arterial  blood.  The  quantity  of  carbon  dioxide  in  venous  blood 
varies  still  more  (Ludwig,  Ppliger,  and  their  pupils,  1*.  Bf.ut.  Mathiku 
and  I'rhain.  and  other*).  According  to  the  calculations  of  Zuntz  the 
'  of  the  right  side  of  the  heart  contains  about  S.2  per  cent  more 
carbon  dioxide  than  the  arterial.  The  average  amount  may  be  put  down 
as  48  vols,  per  cent.  Holmorkn  found  in  blood  after  asphyxiation  even 
69.21  vols,  per  cent  carbon  dioxide.1 

Oxygen  is  absorbed  only  to  a  small  extent  by  the  plasma  or  serum,  in 
which  Pfligkr  found  but  0.2G  per  cent.  The  greater  part  or  nearly  all  of 
the  oxygen  is  loosely  combined  with  the  haemoglobin.  The  quantity  of 
oxygen  which  is  contained  in  the  blood  of  the  dog  corresponds  closely  to 

quantity  which  from  the  activity  of  tin-  lu-uioglobin  we  should  t 
to  combine  with  oxygen,  and  from  the  quantity  of  haemoglobin  contained 
therein.     It  is  difficult  to  ascertain  how  far  the  circulating  arterial  blood 
is  saturated  with  oxygen,  as  immediately  after  bleeding  a  loss  of  0Q 
always  takes  place.     Still  it  seems  to  be  unquestionable  that  it  is  not  quite 
completely  saturated  with  oxygen  in  life. 

The  carbon  dioxide  of  the  blood  occurs  in  part,  and  indeed,  according 
to  the  investigations  of  Ai.i •.:■..  BCBUtDT,1  Zvntz,*  and  L.  Frederick,. '  to 


1  All  the  figure*  pi  ven  above  may  be  found  in  Zuntx's  '' ".  ■  les  Blutm"  in 

Hermann's  Handbuch  d.  !     Ill   2,88    !•■,  I  lurh  also  contains  detailed  state- 

ments and  the  pertinent  literature. 

»  Ber.  d.  k.  eachs.  Gcsellsch.  d.  Wissensch.,  matL-phya.  Klaase,  10,  1867. 
ralbl.  f.  d.  ii ic«l    Witaensch..  1807,  629. 

*  Recherche*  sur  la  eonatitUtkn  dtt  Plasma  sanguin,  1878,  60,  51 
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the  extent  of  at  least  one  third  in  the  blood-corpuscles,  also  in  part,  and 
in  fact  the  greatest  part,  in  the  plasma  or  serum. 

The  carbon  dioxide  of  the  red  blood-corpuscles  Ls  loosely  eombir:> 
the  constituent  oj  (base  cells  which  unites  with  the  CO,  seems  to  b. 
alkali  combined  with  phosphoric  acid,  oxyhemoglobin,  or  haemoglobin,  and 
globulin  on  one  side  and  the  hSBUOglobu)  itself  on  the  other.  Th 
red  blood-corpuscles  alkali  phosphate  occur-  in  such  quantities  that  H 
may  be  of  importance  in  the  combination  with  carbon  dioxide  is  not  to  be 
doubted;  and  it  must  l>e  allowed  that  from  the  diphosphate,  by  a  ge 
partial  pressure  of  the  carbon  dioxide,  monophosphate  and  alkali  cari>otiate 
rmed,  while  by  a  lower  partial  pressure  of  the  carbon  din  <aa» 

action  of  the  phosphoric  acid  comes  again  into  play, so  that,  with  Lb 
dioxide  becoming  free,  a  re-formation  of  alkali  diphosphate  takes  p 
is  generally  admitted  that  the  blood-coloring  matters,  especially  the 
hffimoglobin    which  can  expel  carbon  dioxide  from  sodium  carbonate  >» 
vacuo,  act  like  acids;  a.n- 1  -tubulins  also  act  similarly  (see  bcloff), 

these  bodies  may  also  occur  in  tfae  1  ;  >  >d-corpuscles  as  an  alkali  com- 
bination. 'Hie  alkali  of  the  blood-corpuscles  must  therefore.,  according  to 
the   law  of   mass  action,  be  divided   between   the    carbon     I  pbot- 

phorie  arid,  and  the  other  constituents  of  the  blood-corpuscles  which 
en  acidic  properties,  and  among  these  especially  the  blood-pigments, 
because  the  globulin  can  hardly  be  of  importance,  on  account  of  its  small 
quantity.  By  greater  mass  action  or  greater  partial  pressure  of  the  car- 
bon dioxide,  bicarbonate  must  be  formed  at  the  expense  I  ^phos- 
phates and  the  other  alkali  combinations,  while  at  a  diminished  partial 
prosure  of  the  same  gas,  with  the  escape  of  carbon  dioxide,  the  alkali 
diphosphate  and  the  other  alkali  combinations  must  be  re-formed  at  the  cost 
of  the  bicarbonate. 

Hsmoglobm  must  nevertheless,  as  the  Investigations  of  Bavscenov1 
and  Zlntz,  and  especially  those  of  Bohr  and  ToKUT,1  have  shown,  liable 
to  bold  the  carbon  dioxide  loosely  combined  even  in  the  absence  of  alkali. 
Bona  has  also  found  that  the  dissociation  curve  of  the 

"bin  corresponds  essentially  to  the  curve  of  the  absor  ■artwo 

-liiixide,  on  which  ground  he  and  Tor  up  consider  the  h 
of  importance  in  the  binding  of  the  carbon  dioxide  of  tl  and 

its   alkali   combinations.     According    bo   BOHB  the  lurmoglol/m 
the  two  gases,  oxygen  and  carbon  dioxide,  simultai  xygfA 

uniting  with  the  pigment  nucleus  and  the  carbon  dioxide  with  the  pi 
component. 

The  chief  part  of  the  carbon  dioxide  of  the  blood  is  found  in  the 
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1  Ccntralbl.  f.  d.  med.  Wissensch.,  1677.    Sec  alao  Zuntz  in  Hermann's  fimndbuck, 
1  Zuntz,  I.  c,  70;    Bohr,  Maly's  Jahresber  ,  17;   Torop, 
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plasma  or  the  blood-scrum,  which  follows  from  the  fact  that  the  serum  is 
richer  in  carbon  dioxide  than  the  corresponding  blood  itself.  rVy  experi- 
ments with  the  air-pump  on  blood-serum  it  has  been  found  that  the  chief 
part  of  the  carbon  dioxide  i  I  in  the  serum  is  given  off  in  a  vacuum. 

while  a  smaller  part  can  be  removed  only  after  the  addition  of  an  acid. 
The  nil  bio.  .d-corpuscles  also  act   as  an  acid,  and  therefore  in  blood  all  the 
carbon  dioxide  is  expelled  n>   vacuo.     Hence  a  part  of  the  carbon  <li 
is  in  firm  chemical  combination  to 

Absorption  experiments  with  blood-serum  have  shown  us  further  that 

•■'-i,  dioxide  which  can  be  pumped  oui  is  in  ureal  pari  loosely  ehem- 

combined.  and  from  this  loose  combination  of  the  carbon  dioxide 

essarily  follows  that  the  scrum  must  also  contain  simply  ab- 

carbon  dioxide.     For  the  form  of  binding  of  the  carbon  dioxide  contained 

in  the  serum  or  the  plasma  there  are  the  three  following  possibilities:    1.  A 

part  of  the  carbon  dioxide  is  simply  absorbed;  2.  Another  part  is  in  loose 

chemical  combination;  3.  A  third  in  firm  chemical  combination. 

The  quantity  of  simply  I  carbon  dioxide  has  noi   been  exactly 

determined.    Sbxbchenow1  ooj  quantity  in  dog-aerum  to  be 

about  ^5  of  the  total  quantity  of  cc  oxide  of  the  blood.    Acorn 

to  the  tension  of  the  carbon  dioxide  in  the  blood  and  its  absorption  go 

quantity  seems  to  be  still  smaller. 

The  quantity  of  earl ,  the  blood-scrum  which  is  comhined  by 

a  firm  chemical  union  depends  upon  the  quantity  of  simple  alkali  earhon- 
ate  in  the  serum.  This  amount  is  not.  known,  and  it  cannot  be  determined 
cither  by  fcd  by  titration,  nor  can  it  be  calculated  from  the 

-  of  alkali  found  in  the  ash.  because  the  alkali  is  not  only  combined  ■  ltd 
carbon  di  lit   also  with  other  bodies,  especially  with   proteid.     The 

i|uantity  of  carbon  dioxide  in  firm  chemical  combination  cannot  be  ascer- 
tained after  pumping  out  in  vacuo  without  the  addition  of  acid.becau 
all  appearances  certain  active  constituents  of  the  serum,  acting  like  acids, 
expel  carl  i  de  from  the  simple  carbonate.  The  quantity  of  carbon  diox- 

ide noi  expelled  from  dog-serum  by  vacuum  alone  without  the  addition  of 
acid  amounts  to  4.9  to  it.:;  vob.  per  cent,  according  to  the  dc terms 
RflCgeb.1 

1  Tom  the  occurrence  of  simple  alkali  carbonates  in  the  bl<  □  it 

naturally  follows  that  a  part  of  the  loosely  combined  carbon  dioxide  of  the 
m'Piiii  which  can  be  pumped  out  must  exist  as  bicarbonate.     The  m-cur- 
ombinataon  in  the  blood-serum  has  also  been  directly  shown, 
I         perimentG  with  the  pump,  as  well  as  in  absorption  ex]  .  the 

serum  Indiaves  in  other  ways  different  from  a  solution  of  bfc  B,  or 

carbonate  of  a  corresponding  concentration;  and  the  behavior  of  the  loosely 

1  Centralbl.  f.  d.  mod.  Wiamach  ,  1877. 

r  die   KohJensiiure  des   Blutes,    Ronn,  ISM.   It.      Cited  from 
Zuntz  in  Hermann's  Ilandbuch,  05. 
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combined  carbon  dioxide  in  the  scrum  can  be  explained  only  by  the  occur- 
rence of  bicarbonate  in  the  serum.     By  means  of  vacuum  the  serum  always 
allows  much  more  than  one  half  of  the  carbon  dioxide  to  be  expehV 
Hows  from  this  that  in  the  pumping  out  not  only  may  a  dissocial 
bicarbonate  take  place,  but  also  a  c< inversion  of  the  double  sodium 
ito  a  simple  salt.     As  we  know  of  do  other  carbon  -dioxide  com- 
bination besides    the    bicarbonate  in   the  serum   from  which  the  i 

ids   can  be   set   free   by    simple   dissociation    in    vacuo,    it  must  be 

limed  that  the  serum  contains  other  weak    acids,  in  addition  to  the 

lioxide,  which  contend  with  it  for  the  alkalies,  and  which  expel  the 

dioxide   i  pie   rnrbanatSH    EH    'acuo.     The  carbon  dioxide 

•■11  e d  by  mi  ana  of  the  pump  and  which,  without  regard  to  the 

,  quantity  merely  absorbed,  is  generally  designated  as  "carbon  dioxide  in 

loose  chemical  combination,"  is  thus  only  obtained  in  part  in  dissociable 

loose  combinations;   in  part  it  originat  he  simple  carbonates,  from 

which  it  is  expelled  in  vacuo  by  other  weak  acids. 

B  weak  acids  are  thought  to  be  in  part  phosphoric  acid  and  in  part 
dins.  The  importance  of  the  alkali  phosphates  for  the  carbon-dioxide 
I  dilation  lias  been  shown  by  the  investigations  of  Feknft;  but  the 
quantity  of  these  salts  in  the  serum  is,  at  least  in  certain  kinds  of  blood, 
for  example  in  ox-scrum,  so  small  that  it  can  hardly  be  of  importance.  In 
regard  to  the  globulins  Kf.tschknow  is  of  the  opinion  that  they  do  not  act 
as  acids  themselves,  but  form  a  combination  with  carbon  dioxide,  produc- 
itr:  carfcOgLobuliniQ  acid,  which  unites  with  the  alkali.  According  to  Sss- 
■nu.i.1  whOK  views  have  found  a  supporter  in  ToftUP,  the  globulins  them- 
selves are  the  acids  which  are  combined  with  the  alkali  of  the  blood-serum. 
ln  both  cases  the  globulins  would  form,  directly  or  indirectly,  that  chief 
constituent  of  the  plasma  or  of  the  blood-serum  which,  according  to  thehm 
of  mass  action,  contends  with  the  carbon  dioxide  tor  the  alkalies.  By 
greater  partial  pressure  of  the  carbon  dioxide  the  latter  depi  r 
lis  alkali  of  a  part  of  its  alkali  and  bicarbonate  is  formed;  by  low  partii 
pressure  the  carbon  dioxide  escapes  and  the  bicarbonate  is  abstracted  hj 
the  J  alkali. 

In  the  foregoing  it  has  been  assumed  that  the  alkali  is  the  most  essential 
and  important  constituent  of  the  rum,  as  well  as  of  th 

general,  in  uniting  with  the  carbon  dioxide.     The  f I  the  quantl 

carbon  dioxide  in  the  blood  greatly  diminishes  with  a  decrease  in  the 
tity  of  alkali  strengthens  this  assumption.    Such  a  condition  la  foun 
example,  after  poisoning  with   mineral  acids.     Thus  W-u.teh  found  only 
2-3  vols,  per  cent  carbon  dioxide  in  the  blood  of  rabbits  ii  uach.« 

ochloric  arid  had  been  introduced.     In  the  comatose  state  of  diabetc* 
mellitua  the  alkali  of  the  blood  seems  to  be  in  great  part  saturated  with  acid 
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combinations,  0-oxybutyric  acid  (STADELMANN,MiNKOWSKi),and  Minkowski1 
found  only  3.3  vols,  per  cent  carbon  dioxide  in  the  blood  in  diabetic  coma. 

Gases  of  the  Lymph  and  Secretions. 

The  gases  of  the  lymph  are  the  same  as  in  the  blood-serum,  and  the 
lymph  stands  close  to  the  blood-serum  in  regard  to  the  quantity  of  the 
various  gases,  as  well  as  to  the  kind  of  carbon-dioxide  combination.  The 
investigations  of  Daenhardt  and  Hensen  a  on  the  gases  of  human  lymph 
are  at  hand,  but  it  still  remains  a  question  whether  the  lymph  investigated 
was  quite  normal.  The  gases  of  normal  dog-lymph  were  first  investigated 
by  Hammarsten.8  These  gases  contained  traces  of  oxygen  and  consisted 
of  37.4-53.1  per  cent  C02  and  1.6  per  cent  N  at  0°  C.  and  760  mm.  Hg  pres- 
sure. About  one  half  of  the  carbon  dioxide  was  in  firm  chemical  com- 
bination. The  quantity  was  greater  than  in  the  serum  from  arterial 
blood,  but  smaller  than  from  venous  blood. 

The  remarkable  observation  of  Buchner  that  the  lymph  collected  after 
asphyxiation  is  poorer  in  carbon  dioxide  than  that  of  the  breathing  animal 
is  explained  by  Zuntz  4  by  the  formation  of  acid  immediately  after  death  ia 
the  tissues,  and  especially  in  the  lymphatic  glands,  and  this  acid  decom- 
poses the  alkali  carbonates  of  the  lymph  in  part. 

The  secretions  with  the  exception  of  the  saliva,  in  which  Pfluger  and 
Kulz  found  respectively  0.6  per  cent  and  1  per  cent  oxygen,  are  nearly- 
free  from  oxygen.  The  quantity  of  nitrogen  is  the  same  as  in  blood,  and 
the  chief  mass  of  the  gases  consists  of  carbon  dioxide.  The  quantity  of 
this  gas  is  chiefly  dependent  upon  the  reaction,  i.e.,  upon  the  quantity  of 
alkali.  This  follows  from  the  analyses  of  Pfluger.  He  found  19  per  cent 
carbon  dioxide  removable  by  the  air-pump  and  54  per  cent  firmly  com- 
bined carbon  dioxide  in  a  strongly  alkaline  bile,  but,  on  the  contrary, 
6.6  per  cent  carbon  dioxide  removable  by  the  air-pump  and  0.8  per  cent 
firmly  combined  carbon  dioxide  in  a  neutral  bile.  Alkaline  saliva  is  also 
very  rich  in  carbon  dioxide.  As  average  for  two  analyses  made  by  Pflu- 
ger of  the  submaxillary  saliva  of  a  dog  we  have  27.5  per  cent  carbon  diox- 
ide removable  by  the  air-pump  and  47.4  per  cent  chemically  combined 
carbon  dioxide,  making  a  total  of  74.9  per  cent.  Kulz  8  found  a  maxi- 
mum of  65.78  per  cent  carbon  dioxide  for  the  parotid  saliva,  of  which 
3.31  per  cent  was  removable  by  the  air-pump  and  62.47  per  cent  was 
firmly  combined.    From  these  and  other  statements  on  the  quantity  of 

>  Walter,  Arch.  f.  exp.  Path.  u.  Pharm.,  7;   Stadelmann,  ibid.,  17;   Minkowski, 
Mittheil.  a.  d.  med.  Klink  in  Konigsberg,  1888. 
'Virchow's  Arch.,  37. 

*  Ber.  d.  k.  sachs.  Gesellach.  d.  Wissensch.,  math.-phys.  Klasse,  23. 

*  Buchner,  Arbeiten  aus  der  physiol.  Anstalt  zu  Leipzig,  1876;  Zuntz,  1.  ft,  85. 

*  Pfluger,  Pfluger's  Arch.,  1  and  2;  Kulz,  Zeitschr.  f.  Biologie,  23.  It  seems* 
as  if  Kulz 'a  results  were  not  calculated  at  760  milligrams  Hg,  but  rather  at  1  milligram. 
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carbon  dioxide  removable  by  the  air-pump  and  chemically  combined  in 
the  alkaline  secretions  it  follows  that  bodies  occur  in  them,  although  no; 
in  appreciable  quantities,  which  are  analogous  to  the  proteid  bodies  of 
the  blood-scrum  and  which  act  like  weak  acids. 

The  acid  or  at.  any  rata  rum-alkaline  secret  iorw.  urine  and  milk,  contain, 
on  the  contrary,  considerably  less  carbon  dioxide,  which  Is  nearly  all  r 
able  by  the  air-pump,  and  a  part  seems  to  be  loosely  combined  with  the 
sodium  phosphate.     The  figures  found  by  PftJDgEB  for  the  total  qui 
of  carbon  dioxide  in  milk  and  urine  are  10  and  IS.  1-19.7  per  cent 
lively. 

Ewald  l  has  made  investigations  on  the  quantity  of  gas  in  pathological 
transudates.  He  found  only  traces,  or  at  least  only  very  insignificant 
quantities  of  oxygen  in  these  fluids.  The  quantity  of  nitrogen  was  about 
the  name  as  ifi  blood  ;  that  of  carbon  dioxide  was  greater  than  in  the  lymph 
(of  (togs)]  and  in  certain  06888  even  greater  than  in  the  blood  I 
ation  (dog*!   Mood).     The  tension  of  the  carboi  ..    was  gre 

turns  blood.  In  exudates  the  quantity  of  carbon  dioxide,  especially 
that  firmly  eornbined.  inc-rea.se>  with  the  age  of  the  fluid,  while,  on  the 
contrary,  the  total  quantity  of  carbon  dioxide,  and  especially  the  qu." 
firmly  combined,  decreases  with  the  quantity  of  pus-corpuse 

II.  The  Exchange  of  Gas  between  the  Blood  on  the  One  Hand  uud 
Pulmonary  Air  and  the  Tissues  on  the  Other. 

In  the  introduction  (Chapter  I,  p.  3)  it  was  stated  that 
the  opinion,   derived  especially   from   tin-   p  ami 

pupib,  that  the  oxidations  of  the  animal  body  do  not  take  place  U 

and  juices,  but  are  connected  with  the  form-elements  an 

is  nevertheless  true  that  oxidations  take  place  in  the  Id  ■ 

to  a  blight  extent;    but  these  oxidations  depend,  it  seems,  upon  the  for 

elements  of  the  blood,  hence  it  does  hot  contradict  the  ab  ■ 

that  the  oxidations  occur  exclusively  in  the  cells  and  chiefly  in  the  tissues. 

The  gaseous  exchange  in  the  tissues,  which  has  bee  tied  internal 

[ration,  consists  chiefly  in  that  the  oxygen  passes  from  the  blood  in  the 

capillaries  to  tin-  tissues,  while  the  great  bulk  of  the  carbon  dioxide  of  il* 

lea  originates  therein  and  passes  into  the  blood  of  the  capillaries.    The 

b  tin-  lungs,  which  is  i 

by  a  romp  inspired  and    expired  air,  in  the  blood 

ii  from  the  air  in  the  lungs  and  giving  off  c:i  \idc 

This  does  not  exclude  the  fact  that  in  the  lungs,  as  in  every  other  tissue,  an 

internal  respiration  takes  place,  namely,  a  combustion  with  a  consump- 

>»f  oxygen  and  formation  of  carlmn  dioxide.     Accord  lk>HR  and 
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Henkiques  '  the  lungs  indeed  play  so  large  a  part  in  the  total  metal 
that  it  may  amount  to  6S  per  cent  of  the  same. 

What  kind  of  processes  take  part  in  this  double  exchange  of  gas?    Ts 
the  gaseous  exchange  simply  &£  result  of  an  unequal  tension  of  tip    i 
on  one  side  and  the  air  in  the  lungs  or  tissues  on  the  other?     Do  the 
pass  from  a  place  of  higher  pressure  to  one  of  a  lower,  according  to  the 
of  diffusion,  or  are  other  forces  and  processes  active? 

These  questions  are  closely  related  to  that  of  the  tension  of  the  oxygen 
and  carbon  dioxide  hi  the  blood  and  in  the  air  of  the  lungs  and  tissues. 

Oxygen  occurs  in  the  blood  in  a  disproportionately  tags  part  as  oxy- 
hemoglobin, and  the  law  of  the  dissociation  of  oxyhaemoui 
mental  importance  in  the  study  of  the  tension  of  the  oxygen  in  the  blond. 

If  it  is  recalled  that,  according  to  Bohr,  what  ia  generally  termed  mtyfanm 
i   is  :i  mixture  of  tuemoglnhins,  which    for  one  and  tin-  .same  oxygen  pres- 
Mm  '"an  unite  with  different  quantities  of  oxygen,  and  also,  as  shown  by  DDBO- 
vhifa>,  that  there  exists,  besides  the  coryntemoglobin,  another  dissociable  6 

i)  of  hemoglobin,  namely,  pseudaluemoglobin,  it  seems  thai    ile-rc  arc 

mi  preliminary  Questions  to  serve  before  we  come  to  a  disci. 
of  tli  Uon  conditions  as  oxyhemoglobin,     ee  the  above  steterj 

in  part  contradicted  and  in  pert  not  sufficiently  pi  I  as  also,  according 

to  Hefner,  no  difTe  its  between  an  oxyhemoglobin  solution  and  a  solu- 

tion of  btood-oorpusclei  in  regard  to  Ms  delivery*  of  oxjrueu,  the  atxwe  statement* 
can  be  set  aside  for  the  present  and  only  the  generally  accepted  and  authori- 
tative assertions  discussed. 

POT  the  understanding  of  the  laws  by  which  the  oxygen  is  taken  up 
by  the  blood  in  the  alveoli  of  the  lungs  the  investigations  on  the  dissocia- 
tion of  oxyhemoglobin  are  important,  and  those  especially  which  relate  to 
the  dissociation  at  the  temperature  of  the  body  are  of  great  physiolog- 
ical int. -rot.     Several   investigators  have   experimented   on  this  subject. 

ially  G.  Hi  fm.r.2  He  has  proved  the  important  fact  that  a 
freshly  prepared  solution  of  pure  oxyluemoglobin  crystals  does  not  act 
unlike  freshly  defibrinated  blood  as  regards  the  dissociation  of  oxyhaemo- 
globin.     He  also  showed  that  the  d  -  dependent  upon  the  con- 

centration, namely,  that  at  a  given  pressure  a  dilute  solution  is 
strongly  dissociated  than  a  more  concentrated  solution.  He  found"  for 
solutions  contaiiung  14  per  cent  haemoglobin  that  the  dissociation  at 
35° C.  and  an  oxygen  partial  pressure  of  75  mm.  Hg  was  only  very  insig- 
nificant and  only  little  greater  than  with  a  partial  pressure  of  152  mm. 
In   the  l  :ince  96.89  per  cent  of  the  total  pigment  wa 

as  oxyhemoglobin  and  3.11  per  cent  as  haemoglobin,  while  in  the 
case,  at  152  mm.  pressure,  the  respective  figures  were  9S.42  per  cent  and 

per  cent.    The  dissociation  becomes  stronger  first  with  an  o\ 
partial  pressure  of  about  75  mm.   Bg  and  downwards  and   eorreep 

1  CentraJbl.  f.  Physiol.,  6,  and  Mary's  Jahresber.,  27. 

1  Du  Bois-Reytnond's  Arch.,  1S9Q,  where  the  older  works  on  this  topic  are  cited. 
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to  an  increase  in  the  quantity  of  reduced  haemoglobin;  but  even  with  au 
oxygen  partial  pressure  of  50  mm.  Hg  the  quantity  of  haemoglobin  was 
only  4.6  per  cent  of  the  total  pigmem. 

1  i  dd  these  ;md  older  researches  by  Hi  fner,1  which  were  made  at 
38°  r.r  39°  C,  it  follows  that  the  partial  pressure  of  the  oxygen  may  fa 
reduced  to  one  half  of  the  atmospheric  air  without  influencing  essentially 
the  quantity  of  oxygen  in  the  blood  or  a  corresponding  solution  of  I 
haemoglobin.     This  corresponds  well  with  the  experience  of  Franeel  an<l 

■PBBT*  on    the  action  of  diminished   air-pressure  on  tin 
•  u  in  the  blood  in  doge.     With  an  air-pressure  of  -110  mm.  Hg 
found  the  quantity  of  oxygen  in  arterial  blood  to  be  normal.    With  a 
pressure  of  378-365  mm.  it  was  slightly  diminished,  anil  onl  read- 

ing the  pressure  to  300  nun.  was  the  diminution  considerable.     The  lowest 
ugrgen  pressure  in  the  alveoli  air  at  which  the  normal  qualita- 
:  ■•  >•  nil  quantitative  exchange  of  material  may  go  on  has  been  four  i 
A.  LoiWT  5  to  be  equal  to  a  pressure  of  30  mm.  Hg.     The  reason  wlr 

ring  the  alveolar  oxygen  tension  below  this  limit  the  metabolism  ap- 
pears similar  to  tissue  dyspnoi-a  he  explain*  by  the  i 
increase  in  the  dissociation  of  the  oxyhemoglobin  that  an  insufficient  quan- 
tity 'if  oxygen  is  supplied  to  tin:  tissues.      Thi*  opinion  is  djgpi 

researches  of  &0TNXH  on  the  dissociation  of  oxyhemoglobin  in  v, 

an  oxygen  partial  pressure  of  30  mm.  Hg  about  92  tl  ifl  -till  sate  rated 

with  oxygen.    For  this  reason  Lobwt  has  made  newer  ejpefunenl 
ion  of  oxyhemoglobin  in  human  blood  and 
i  results  than  U  i  With  an  oxygen  pressure  of  36    fl        i.  rig 

he  never  found  above  80  per  cent  saturation.  With  a  pressure  of  33  mm. 
the  saturation  was  about  77  per  cent  (Hi  I  l  mm. 

7.j  per  cent  (Hlp'ner  02  !>er  cent);  at  25  mm.  05  per  cent,  (HOTHKB  about 
91  per  cent),  and  at  22-28  nun.  about  58  per  cent.    As  cxplat 
these  differences  in  the  results  of  the  two  exp  en  Lokwy  suggest 

the  possibility  that  there  possibly  exists  a  difference  in  the  combi 

r  for  oxygen  between  crystalline  haemoglobin  and  the  h: 
of  the  fresh  blood,     ^till  it  must  be  remarked,  as  above  staled,  that  a< 
ing  to  the  special   investigations  of  Hi  k.nkh  a  freshly  pre] 
of  oxyhajmoglobin  crystals  does  not  behave  different  in  any  way  in  mjanl 
to  the  dissociation  of  QXyhflUE  Dated  blood. 

above  differences   cannot  be   BStU  explain-. 

The  taking  tip  of  oxygen  from  the  air  is,  according  to  ROSENTHAL,' 

1  I)u  Rois-Royinond's  Arch.,  1890. 

1 ' '  ITcber  die  Wirkungen  der  verdi;  nnt.cn  Luft  auf  den  Organ  Berlin,  ISO. 

1  A.   I.oewy,    "  Untersuch.   ubcr  die  Respiration    and  Circulation,"  etc.     Berli 
1895;  also  CentraibL  f.  Phyafol.,  13.419.  and  \reh,  I     An.it   u  )  I  1900 

'  \rch.  f.  (Anat.  u.)  Physiol,  1808,  and  especiaJly  1902.    See  al- 
1903,  Suppl. 
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not  as  independent  upon  the  quantity  of  oxygen  as  is  generally  considered, 
based  upon  the  investigations  of  Regnault  and  Rieset.  Rosenthal  has 
found  that  at  least  with  quick  exchange  of  the  oxygen  content  of  the  air, 
the  taking  up  of  oxygen  with  diminished  oxygen  content  diminishes  and 
with  increased  content  it  is  raised.  As  the  carbon-dioxide  excretion  is 
not  hereby  correspondingly  changed  the  oxygen  is  stored  up  in  the  tissues, 
according  to  Rosenthal,  when  an  increased  absorption  of  oxygen  takes 
place,  while  with  diminished  oxygen  the  deficit  is  replaced  from  the  reserve 
oxygen  supply  of  the  tissues.  Every  cell  contains  bodies  which  fix  oxygen, 
and  when  necessary  they  readily  give  this  off.  This  oxygen  has  been 
called  intracellular  oxygen  by  Rosenthal. 

It  may  be  concluded  from  the  large  quantity  of  oxygen  or  oxyhemo- 
globin in  the  arterial  blood  that  the  tension  of  the  oxygen  in  the  arterial 
blood  must  be  relatively  higher.  From  the  investigations  of  several  experi- 
menters, such  as  P.  Bert,  Herter,1  and  Hufner,  who  experimented 
partly  on  living  animals  and  partly  with  haemoglobin  solutions,  we  may 
assume  the  tension  of  the  oxygen  in  arterial  blood  at  the  temperature  of 
the  body  to  be  equal  to  a  partial  oxygen  pressure  of  75-80  mm.  Hg. 

Let  us  now  compare  these  figures  with  the  tension  of  the  oxygen  in 
the  air  of  the  lungs. 

Numerous  investigations  as  to  the  composition  of  the  inspired  atmos- 
pheric air  as  well  as  the  expired  air  are  at  hand,  and  it  can  be  said  that 
these  two  kinds  of  air  at  0°  C.  and  a  pressure  of  760  mm.  Hg  have  the  fol- 
lowing average  composition  in  volume  per  cent: 

Oxygen.  Nitrogen.    Carbon  Dioxide. 

Atmospheric  air 20.96  79.02  0.03 

Expired  air 16.03  79.59  4.38 

The  partial  pressure  of  the  oxygen  of  the  atmospheric  air  corresponds 
at  a  normal  barometric  pressure  of  760  mm.  to  a  pressure  of  160  mm.  Hg. 
The  loss  of  oxygen  which  the  inspired  air  suffers  in  respiration  amounts  to 
about  4.93  per  cent,  while  the  expired  air  contains  about  one  hundred 
times  as  much  carbon  dioxide  as  the  inspired  air. 

The  expired  air  is  therefore  a  mixture  of  alveolar  air  with  the  residue 
of  inspired  air  remaining  in  the  air-passages;  hence  in  the  study  of  the 
gaseous  exchange  in  the  lungs  the  alveolar  air  must  first  be  considered. 
There  does  not  exist  any  direct  determination  of  the  composition  of  the 
alveolar  air  in  man,  but  only  approximate  calculations.  From  the  aver- 
age results  found  by  Vierordt  in  normal  respiration  for  the  carbon  diox- 
ide in  the  expired  air,  4.63  per  cent,  Zuntz  3  has  calculated  the  probable 
quantity  of  carbon  dioxide  in  the  alveolar  air  as  equal  to  5.44  per  cent. 
If  we  start  from  this  value  with  the  assumption  that  the  quantity  of  nitro- 

1  Bert,  La  pression  barometrique,  Paris,  1878;  Herter,  Zeitechr.  f.  physiol.  Chem.,  S. 
*  See  Zuntas,  L  c.,  105  and  106. 
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gen  in   the  alveolar  air  does  not  essentially  differ  from   tin  1  air, 

and  Admit  knot  the  quantity  of  oxygen  in  the  alveolar  air  is  6  per  cent 
less  than  the  inspired  air,  it  will  he  Been  that  the  alveolar  air  contains  15 
per  cent  oxygen,  corresponding  to  a  partial  pressure  of  115  mm 

e  are  several  direct  determination*  of  the  alveolar  air  of  .:• 
and  his  pupils  WOLfFBEBG    and  Nussn.urM.1     Th<>so  determina- 
tions which  jjaBm  thai  tin-  alveolar  air  i  u  h  richer  in  carb 
than  the  expired  air  have  been  pcrfonncd  by  means  of  the  so-called  /twi$- 
aii/attr. 

The  principle  of  tins  method  is  n  introduction  of  a  i 

of  a  special  construction  into  a  branch  of  a  bronchus  the  corresponding  lobe  tif 
thehmgzaaj  be  he  tied,  while  in  tbeotfa  M'lung.and 

in  tlie  other  ung.  the  ventilation  remains  unchanged,  so  that  no  accumulition 
of  carbon  dioxide  takes  |  lare  in  (he  blood.     When  the  cutting  nfT  lasts  so  long  that 

tnplete  equalisation  between  the  gases  of  the  blood  and  the 
tic  lungs  is  assumed,  a  sample  of  this  air  of  the  lungs  is  removed  by  means  of 
the  catheter  and  analyzed. 

In  the  air  thus  obtained  from  the  lungs  WOLFFBEBfl  and 
found  an  average  of  3.6  per  cent  C03.    Xussbaum  has  also  determined  the 

carbon-dioxide  tension  in  the  blood  from  the  right  heart  in  a  c 
taneous  with  the  catheterization  of  Ihe  longs.    He  found  i  ■  niical 

results,  namely,  a  carbon-dioxide  tension  of  3.S4  per  cent  an«! 

•  tut  df  an  atmosphere,  which  alflO  Bhows  that  complete  equalization  between 

the  gases  of    the  blood  and  lungs  in  the  i  parts  (»:'  rhe  lungs  had 

taken  place.     From  these  investigations    it    can    be   calculated   that 

quantity  of  oxygen  in  the  alveolar  air  of  dogs  Ls  about  1(>  per  e 

corn  h>  an   OXygOD    jiartial    pressure    of   about    122   rum.    | 

pressure  is  oonaJderably  higher  than  the  oxygen  tension  in  arterial 

and  the  oxygen   absorption  from  the  air  of  the  lungs  takes  place 

rding  to  ]  of  diffusion. 

According  to  BoHR  •  the  facts  are  otherwise,  and  the  lungs  are  a< 

the  taking  up  of  oxyg  i 

He  experimented  on  dogs,  allowing  thi   blood,  whose  coagulation  had  been 

f invented  b]   the  injection  of  peptone  solution  or  infusion  of  tin 
rom  onp  bisei  ted  carotid  to  the  other,  or  from  the  femoral  arter.  i  moral 

vein,  through  an  apparatus  called  by  him  an  hamiataerometer.    Tl»e  apparatus, 

which    is  a   modification  of   1. 1  olio's  rl'n  uuhr),  alio  <,rdtng 

to  Bohr,  of  a  complete  interchange  between  the  gases  of  the  bl  , latin? 

through  the  apparatus  and  a  quantity  of  gas  whose  composition  was  known 

at  and  enclosed  in  the  apparatus.     The  mixture 
of  gfi  an  equalization  of  the  gases  by   diffusion.     1 

way  the  tension  of  the  0x3  d  carbon  dioxide  in  the  circulating 

blood  was  determined.  During  the  experiment  the  composition  of  the  inspired 
and  expired  air  was  also  determined,  the  number  of  inspirations  noted,  ana  the 

1  WolfTberR.  PflQger'8  Arch..  6;    Nussbaum,  iW..  7. 
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extent  of  respirator}'  exchange  of  gas  measured.    To  be  able  to  make  a  comparison 
between  the  gM  tension  in  the  blood  and  in  an  expired  air  whose  comp 
closer  to  the  unknown  com]>osition  of  the  alveolar  air  than  the  ordinary  expired  air, 
the  composition  of  the  expired  air  at  the  moment  it  passed  the  bifurcation 

aea  was  ascertained  by  special  calculation.  The  tension  of  the  gases  in  this 
"bifurcated  air"  OOtlM  be  compared  with  the  tension  of  the  Eases  01  the  blood, 
and  in  such  a  way  that  the  comparison  took  place  simultaneously. 

Bohr  found  remarkably  high  results  for  the  oxygen  tension  in  arterial 
blood  in  this  series  of  experiments.  They  varied  between  101  and  144 
mm.  Hg  pressure.  In  eight  out  of  nine  experiments  on  the  breathing  of 
atmospheric  air,  and  in  four  out  of  five  experiments  on  breathing  air 
containing  carbon  dioxide,  the  oxygen  tension  in  the  arterial  blood  was 
higher  than  the  "bifurcated  air."  The  greatest  difference,  where  tine  oxy- 
tension  was  higher  in  the  blood  than  in  the  air  of  the  lungs,  was  38  mm.  Hg. 

According  to  Bonit  we  cannot  simply  explain  the  taking  up  of  oxygen 
by  the  blood  from  the  air  of  the  lungs  by  a  higher  partial  pressure  of  the 
oxygen.  The  difference  in  tension  U-tw.^n  the  two  sides  of  the 
the  alveoli  therefore  may  not  be  the  only  force  which  serves  in  the  migra- 
tion of  the  oxygen  through  the  lung  tissue,  and  the  lungs  themselves  must 
exercise  an  unknown  specific  action  in  the  taking  up  of  oxygen. 

H&fNBB  and  1'redericq  '  have  made  the  objection  to  Bonn's  experi- 
ments and  views  that  a  perfect  equilibrium  hud  probably  not  been  attained 
between  the  air  in  the  apparatus  and  the  gases  of  the  blood.  Fredi:kicq, 
by  new  experiments,  has  presented  strong  objections  to  the  acceptance  of 
Bohr's  findings.  On  the  other  hand  Haldane  and  Smith's1  n 
experiments  upon  an  entirely  different  principle  show  results  which  con- 
tradict the  ordinary  doctrine  of  the  oxygen  absorption  in  the  lungs. 

Haldank  r|  method  is  as  follows:  The  individual  experimented  upon  is  allowed 
to  inspire  air  containing  an  exactly  known  but  small  quantity  of  carbon  moo 

"►-0.06  per  cent  I,  until  do  further  absorption  of  carbon  monoxide  takes  place 
and  the  |>ercentage  saturation  of  the  lueiuoglobiu  in  the  arterial  blood  with 
carbon  monoxide  nas  become  constant,  as  shown  by  a  special  titration  method. 
This  percentage  saturation  is  dependent  ujKin  the  relation  between  the  tension 
of  the  oxygen  in  the  blood  and  the  tension  of  the  oarboo  monoxidei  as  known 
from  the  composition  of  the  inspired  air.  When  this  last  and  the  perosntacs 
saturation  with  carbon  monoxide  and  oxygen  are  known  the  oxygen  tension  in 
the  blood  can  be  easily  calculated. 

IIai.dani:  and  Smith  calculate  the  tension  of  the  Q  in  arterial 

human  blood  at  an  average  of  26.2  per  cent  of  an  atmosphere,  i.e.,  • 
approximately  to  200  mm.  Hg.     In  agreement  with  BOHB  th  held 

that  diffusion  alone  cannot  explain  the  passage  of  oxygen  from  the  lungs  to 
the  blood,  and  that  thi  cs  further  investigation. 


1  Hufncr,   Du   Bob-Rcymond 's  Arch.,   lS'.MJ;    l-'redericq.  CVntmlbl.   I.   I'hyniol.,  7, 
and  Travaux  du  Itdtorutoiru  de  1  'inxtit ni  ili.^ie  dc  I -ioije,  5,  1896. 

1  Haldane,  Juum.  of  Physiol.,  18;   Haldaae  and  Smith,  ibid.,  20. 


Afl  the  hemoglobin  obtained  from  different  blood  portions  does  not.  according 

always    take  up  the  same  quantity  of  oxygen  for  each  gram,  so  the 

ogjobis  within  the  blood-corpuscle  may  show  a  similar  behavior,     lie  calls 

quantity  of  oxygen  I  at  0°C.  and  7G0  mm.  Hg)  which  is   taken  up 

by  1  gram  of  hemoglobin  of  the  blood  at  15°  C.  and  an  oxygen  pressure  of  150  mm. 

iin  neeifi  This  quality,  hi  maj  be  differen 

in  different  Indhrisab.  but  also  in  the  differei H  some 

uniniul,  and  it  may  am  be  changed  experimentally  by  bleeding.   breathing  air 

ient  in  oxygen,  or  p«  Ii  is  now  evident  that  one  and  the  aaini 

tity  of  oxygen  in  the  blood,  other  things  being  equal,  m 
sion  ai-enrding  ns  t'l  raen  capaci  ■.    The  I' 

oxygen,  Bohb  mm  may  oe  «:  vrithout  "h*"g»^B  the  quantity  of 

oxygen,  and  thfi  animal  body  most,  riceurdiin:  to  him.  ii:i  m  ol  varying  the 

on  of  the  oxygen  in  the  tissues  in  ■  short  time  without  changing  thi 
ad  in  tin*  blood.    Th  importance  of  such  a  p 

for  respiration  is  evident;  but  it  is  perhaps  too  early  to  give  a  pa 
opinion  on  Bohr  s  statemenl  perimenta. 

The  tension  of  the  carbon  dioxide  in  the  blood  has  been  determined  tr 
different  ways  by  PflOobb  and  his  pupils,  Wolffberq,  Strassditig, 

NUSSBAUM.' 

rding  to  the  aerotonometria  method  the  blood  is  allowed  to  I 
from  the  artery  or  vein  through  a  glass  tube  which  contains  ■  gas  mixture  of* 

If  the  of  the  carbon  dioxide  in  the  blood  is  gretUt 

than  the  gas  mixture,  then  the  blood  gives  up  carbon  dioxide,  while  in  the  n-verse 
it  takes  n  dioxide  I  of  the  pu 

Mire  after  passing  the  bl  mgh  it  will  also  decide  if  'l. 

I  i  00  dioxide  in  the  blood  is  greater  or  kes  than  in  the  gas  mixture;  and  by  ft 
■  great  number  of  determinations,  esjwcially  when  the  quantity  of  carbon 
gas  mixti  iponds  as  nearly  as  possible  in  tbe  i>. 

the  proba!  in  of  this  gu  in  the  blood,  we  may  learn  the  tension  of  tbe 

oxide  Id  the  blood 

According  to  this  method  the  carbon-dioxide  tension  of  the  arterial 
blood  is  o  forage  2.8  per  cent  of  an  atmosphere,  corresponding  to  & 

pressure  of  21   min.  mercury  (Sn.  .  >.     In  the  blood  from  the  pul- 

monary alveoli  Nusbbaum  found  a  carbon-dioxide  tensioi  l  percent 

of  an  atmosphere,   ooTXlBpt .ruling  to  a  pressure  of  28.95  mm.  me 

perimented  in  non-tracheob  -i  the 

lation  of  the  lungs  wis  less  active  and  therefore  the  carbon  dioxide 
removed  from  the  blood  with  less  readiness,  foui 
of  the  heart  a  carbon-dioxide  tension  of  •">.  1  |  inospherc, 

ponding  to  a  partial  |  tarn,  mercury. 

Another  method  is  the  catheterization  of  a  lobe  of  the  lungs  (  ee  page 
In  the  air  thus  obtained  from  the  lungs  Nussbaum  and  \\ 
I  an  average  of  3.G  per  cent  C( ),.     NuasBAUM,  as  pre\ 
do  determined  the  carbon-dioxide  tension  in  the  blood  of  the  pul- 


1  Bohr.  Centralbl.  I    Physiol.,  4. 

'  WoUTberg,  Ptluger's  Arch.,  0;  Slrasaburg,  ibid.;  Nussbaum,  ibid.,  7. 
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monary  alveoli  in  a  08  .Itaneously  with   the  catheterization  of  the 

lungs.     He    foil  ml    nearly    identical    results,    namely,    a    carbon-dioxide 
8.84  per  cent  ami  3.81  per  cent. 
iu.  in  las  experiments  above  mentioned  (page  COS),  has  arrived  nt 
other  results  in  regard  to  the  carbon-; tioxide  tension.     In  eleven  63 

with  inhalation  of  atmospheric  air  the  carbon-  tension  in  the 

arterial  blond  varied  from  0  to  38  mm.  Iljr,  and  in  five  experimi  m 
inhalation  of  air  containing  carbon  dioxide,  from  0.9  to  57. S  trim.  Hg.     A 
irison  of  the  carbon-dioxide  tension  in  the  blood  with  the  bifurcated 
air  gave  iu  several  cases  a  greater  carbon-dii>\  id- •  pressure  in  the  air  of  the 
InngB   than   in   the  blood,  ami  as   maximum   this  difference  amounted   to 

mm.  in  favor  of  the  air  of  the  lungs  in  the  experiments  with  inhai 
Of  atmospheric  air.     As  the  alveolar  air  is  richer  in  carbon  dioxide  than  the 
bifurcated  air,  this  experiment  unquestionably  proves,  according  to  Bonn, 
that  the  carbon  dioxide  has  migrated  against  the  hi  ;re. 

In  opposition  to  these  investigations,  Fkki>kju<  o.,1  in  his  above-men- 
tioned experiments,  obtained  the  same  figures  for  the  carbon-dioxide  ten- 
sion in  arterial  peptone  blood  as  Pfli  gkk  and  his  pupils  found  for  normal 

I.  Wkisckrher,'  in  Freoericq's  laboratory,  has  made  experiments 
with  animals  which  respired  air  rich  in  carbon  dioxide,  and  these  experi- 
ments confirm  Pfli toS8*8  theory  of  respiration.  Recently  Kau.oisk  has 
made  determinations  of  the  carbon-dioxide  tension  of  venous  blood  by  means 
of  Fredkricq's  acorotono meter.  The  carbon-dioxide  tension  was  found 
to  equal  6  per  cent,  of  an  atmosphere,  hence  somewhat  higher  than  the 
results  found  by  pFLtfG&B'e  pupils.  The  low  figures  obtained  by  I 
for  th  m-dioxide  tension  appear  remarkable  when  it  is  recalled  that 

Gkandis  found  in  peptone  blood  which  Lauousse  and  Bla<  ii en  oa  s  had 
shown  was  poor  in  carbon  dioxide,  a  high  carl>on-dioxidc  tension. 

:  I  *  has  observed  that  the  tena:on  of  the  blood  gases  was  increased  by 
the  concentration  of  'he  blood.  As  the  blood  is  concentrated  by  an  increased 
giving  off  of  water  in  the  lungs,  a  temporarv  rfsB  in  the  tension  of  the  blood  gases 
take  place  here  which  may  jM-rhaps  explain,  according  to  hint,  the  great 
differences  observed  bv  Bona  and  Haluane  between  tbs  tension  of  the  carbon 
dioxide  of  the  bloud  sod  the  carbon  dioxide  in  the  air  of  the  lung  lobe*. 

A  certain  importance  has  been  ascribed  to  oxygen  in  regard  to  the 
elimination  of  carbon  dioxide  in  the  lungs,  in  that  it  has  an  expelling  action 
on  the  carbon  dioxide  from  its  combinations  in  the  blood.  This  stalement, 
first  made  by  Holmgren,  has  recently  found  an  advocate  in  Wkrigo.1 

1  See  foot-note  1 ,  page  609. 
'Centralbl  f   Physiol  .  19  483. 

1  Grandia,   Du  Boia-Rey mond 'a  Arch,   1891;    T-ahouase,  ibid.,  1889;    Bluchattin, 
ibid..  1891:    Falleise   m  M'.ly*  Jahreaher..  32 
•See  Maly'i  Jahresber  .  :«) 
1  Holmgren   Witt  Sitxung?ber.,  48  Werigo,  Pfliiger'a  Arch.,  51  and  52. 


This   investigator  has  made  ingenious  experiments  on  li\ing   animals  in 
which  Qfl  both  lungs  of  the  animal  to  breathe  separately,  the  one 

v.iih  by  Erogen  and  the  other  with  pure  oxygen  or  a  gas  mixture  rich  in 
d      II'    invariably    found   a  greater  carbon-dioxide   tension  in  the 
mi  the  lungs  in  the  pr.  he  di  aw 

elusioD  from  hi.-  ezperimenlB  that  i  en  passing  from  the  lung  al 

inio  tlic  blood  raises  the  caibon-dioxide  tension.    According  tu  Webico, 

[b  action  tin'  oxygen  is  a  powerful  factor  in  the  elimination 
dioxide,  and  therefore  it  is  not  necessary  to  assume  a  specifiV  f  the 

lung  itself  in  these  processes. 

Zuntz  •  lias  suggested  important  objections  to  the  conclusions  df 
Werioo.  but  they  have  not  been  substantiated  by  experiment;  hence 
the  question  is  still  open. 

The  picture  in  regard  to  the  carbon-dioxide  elimination   in  the 
is  not  yet  clear,  and  we  must  wait  for  further  light  upon  it. 

From   what   has  been  said  above  (page  DM)   in  regard  to  the  internal 
respiration  one  can  conclude  that  it  consists  chiefly  in  that  in  (he  capil* 
t  he  oxygen  passes  from   ihr>  blood  into  the  tissues,  while  the  carbon 
\ide  passes  from  the  tissues  into  the  blood. 

The  assertion  of  Estoii  and  Sai.vi  Piikici.  that  the  quantity  of  oxygen 
in  the  blood  of  the  arteries  decreases  with  the  remoteness  I 
has  been  .shown  to  be  incorrect  l\    l'i  |  I  lOBR,1  and  the  oxygen 
blood  on  entering  the  capillaries  must  be  higher.     As  0  with  the 

capillaries  the  tissues  are  to  be  considered  as  nearly  or  entirely  free  from 
rn.  and  in  regard  to  the  oxygen  a  COT  >le  difference  in  pressure 

must  exist  Ik  he  blood  and  tissues.     The  pos  liffe^ 

nrc  is  sufficient  to  supply  the  tissues  with  the  qj  oessaryqui 
of  oxygen  is  hardly  to  be  doubtrd. 

In  regard  to  the  OBrbon-dioxide  itusion  in  the  tissue  it  must  be  assumed 
d,  priori  that  it  is  higher  than   in   the  blood.      This  is   found   to  Ix:  true. 

assburg  *  found  in  the  urine  of  dogs  and  in  the  bile  a  carbi 
tension  of  9  per  cent  and  7  per  cent  of  an  atmosphere,  respectively.    TV 
same  experimenter  has,  further,  injected  atmospheric  air  into  a  UgaUllri 
portion  of  the  intestine  of  a  living  dog  and  analyzed  the  air  after 

some  time.    He  found  a  carbon-dioxide  tension  of  7.7  pel  an  atino?- 

sphere.    The  carbon-dioxide  tension  in  the  tissues  is  consi d  reater 

than  in  the  venous  blood,  and  thei  n  to  the  vi. 

carbon  dioxiile  simply  diffuses  from  the  tissues  into  the  blood  accord; 
the  laws  of  diffusion. 
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That  a  true  secretion  of  gases  occurs  in  animals  follows  from  the  composition 
and  behavior  of  the  nee  nrmmung-bladdsff  of  fishes.    These  gases  con- 

i  and  nitrogen   with  only  small    i  of  carbon  dioxide.     In 

fishes  which  do  not  live  a!  any  BBttt  depth  the  quantity  of  oxygen  is  ordinarily 
as  high  as  in  the  el  |  hieh  livt-  at  great  depths  may,  aceoni- 

ing  to  Biot  and  others,  contain  considerably  more  oxygen  and  even  above  s<)  pa 
cent.     IfoRSAO  luis  also  found  that  after  emptying  the    wimiiiing  bladder  by 
means  of  a  trocar  new  air  collected  after  a  time,  and  this  air  was  riehf  I 
than  i  spheric  air  and  contained  even  K">  jm-t  cent  oxygen.     Bonn,  who 

has  p  1  confirmed  these  statements,  also  found  thai    this  coDectH) 

;   the-  influence  of  the  nervous  system,  becaon  on  the  Beotion  of  certain 

branches  of  the  |  tenervc  it  is  discontinued.     It  is  beyond  dt  put*    thai 

there  is  here  a  secretion  and  not  a  diffusion  of  oxygen.     Recently  Jakokii  '  has 
giveti  a  further  explanation  a-  to  the  secretory  «<-.:■  ■    t  he  swimming-bladder. 

oral  methods  have  been  suggested  for  the  study  of  the  epiantitat  ive 
relationship  of  the  respiratory  exchange  of  gas.    The  reader  must  be  referred 
for  mora  details  W  to  these  methods,  and    WO  will  here. 
only  mention  the  chief  features  of  the  must  Important  methods. 

Rehnault  and  Reiset's  Method.     According  to  thin  method  the  animal  or 

person  experimented  upon  te  aDowed  ire  in  an  enclosed  apao 

carbon  dioxide  is  removed  from  the  nir.  as  it  form",  by  strong  caustic  alkali,  from 
which  the  quantity  may  be  determinedi  whBe  the  oxygen  h  replaeed  continually 
by  exactly  measured  quantities.    This  method,  which  also  mak>    pc  able  a 
of  the  oxygen  used  as  well  as  the  carbon  dioxide  produced,  hai 

been  modified  by  other  invesligai  |   ft*   I'h.i'oh:   ami   his  pupils    Bll 

and  Nowak,  ami  Hoitk-Skyi.kk,  Rosenthal,  and  7a  vi/.b 

Pxttknk«'Ki-:k  "s  Method.  According  (■•  this  method  the  individual  to  be 
experimented  upon  breathi-s  in  a  room  through  which  a  current  of  atmospheric 
air  is  passed.  The  quantity  of  air  passed  through  is  earetullv  measured.  V<  it. 
is   Impossible   to  :inal_\  :<■  all   the  air  mad     to    pass  lhrou»h  the  m.ill 

fraction  of  this  air  is  diverted   into  a   branch   line  during  the  entire  c\pcnn 
carefully  measured,  and  the  quantity  of  carbon  dioxide  and  water  determined. 
From  the  composition  of  this  air  the  quantity  of  crater  and  carbon  dioxide 

;    in   I  he   lo'jy   quantity  Of  air   m:ide   lo    p.n -s    through   tlu    cbftmbifl    OBfl   DO 

calculated.    Ti  i  iption  of  oxygen  caanol  be  directly  determined  Ln 

method,  but  may  be  calculated  indirectly  by  difference,  whieb  is  a  defect  in  this 
method.    The  .  m  apparatus  i.»f  S..-.H!  n  and  Tioaaacraw  aa  well  as  of 

Atwatf.r  and  Rosa  :i  an.-  based  upon  this  principle. 

Method.4    For  briefer  experiments  on  man  Speck  has  need  the 
following:    He  breathes  into  two  spiroineter-reeeivers,  on  which  the  gas-volume 

can  be  read  off  very  accurately,  through  a  mouthpiece  with  two  valve    do  inj 

nose  with  a  Clamp.     The  air  from  One  Of  the  spirometry  is-  inhaled   '  1 1 

valve  and  the  expired  air  passes  through  the  other  into  the  other  spirometer. 


'Bfat,  sec  Hnrmann's  Handbuch  d.   Physiol..  4.  Thl.  2,    151;    Ifforeat      ' 
rtnd.,  57;    Bohr,  Journ.  of  Physiol  ,  l."».     Bee  also  Hufner,  Pu  Bob- 1!  Arch., 

1892;    Jae  Lien  ,  ill 

'See  Zuntz  ia  Hermann's  Handbeeh,  4,  Thl.  2.  and  Hopps  !elfaahr.  f. 

i    Cham.,  19;    Rnaenthal,  Arch.  f.  (Anat.  u.)  Physiol.,  1002;   Zuntz,  VerhandL 
■-;.  physiol.  Gesdlscb.,  1901. 

i  tofer'a  method;  see  Zunta,  I.  c. ;  Sooden  and  n  Skand  Arch.  f. 

Phyato]  .  '*»,    \twuter  and  Kcjmb.  Bull,  of  Dept.  of  Agriculture.  (13.      Washington. 
*  Speck,  Physiologie  des  incnschlichen  Athmens.     Leipzig,  1392. 
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By  means  of  a  rubber  tube  connected  with  ttkfl  expiration-tube  an  accurately 
measured  part  of  the  expired  air  may  be  passed  into  an  absorption-tuba 

/.  and  Gbppbbt'b  Method^    ThiB  method,  which  ha*  be.-- 

/.rNTzaii'l  hu  pupila  from  time  to  time,  1 1  the  fnlloi 

being  experimented  upon  inspires  pure  ric  :*ir  througb  a  very  wicfc 

feed-;  tip  leading  from  the  op  :  inspired  spired  air  being  «»paratwl 

.vii  vabea  (human    object  I  toeathfl  with    loscd  nose  by  means 

•lini.-ils  through,  an  air-tight  tracheal  canula).    The  volu 
:i-  ii  measured  by  ngu  pari  of  thia  ak  •  "lk-cte<i 

and  the  quantity  «>   carbon  dioxide  and  oxygen  determined.    As  the  c 
o    i In    iin  ii  |  ii    i       i    cu  be  considered  as  constant  within  a  certain  limit 

luotioo  of  carboo  dioxide  as  weO  as  the  consumption  of  oxygen  may  be  n 
oa'culated  (see  the  works  of  Zuwraand  his  pupila). 

H\\ni<rr  and  Rxcekbt's  method*  is  characterised  by  hu  simplicity. 
mvestigatora  allow  the  total  liz  to  paai  through  three  gasometers,  one  aft- 
Other.    The  first  measures  the  inspired  air,  whose  composition  i«.  km 

od  gasometer  measures  the  expired  air    and  the  third  the  quae 
exph  Fter  the  carbon  d  oxide  has  been  removed  b  able  apparatus 

The  Quantity  of  carbon  dioxide  produced  and  the  oxygen  consumed  can  be  n 
calculated  from  these  data. 

Appendix. 

The  Lungs  and  their  Expectorations. 

Besides  protci,!  hndics  and  tin  of  the  roniWtilTOi flllfafllsOT 

group,  I'.iil,/),.  (a  pecially   in  nx-lungs),  uric  acid,  and  inosil, 

bean  found  in  the  lungs.      POUUBT1  claims  to  have  found  a  special 

which   he  has  called  pulmotartaric  aciil.    in    the   lung-tissue.     Glycogen 

occurs  abundantly  Es  the  embryonic  lung,  but  is  absent  in  the  adult  organ. 

The  in    enzyme--  also  belong  to  the  physiological  const; 

the  lungs.     They  are  active  in  the  autolysis  of  the  lungs  (Jacoi; 

as  in  the  Bohltioo  "t  pneumonic  infiltrations  (Fit.  Mi  i.i.f.r  4). 

The  black  or  dark-brown  pigment  in  the  lungs  of  human  beings  and  domestic 

animals  c<i  of  carbon,  which  originates  from  the  soot  in  the  air.     The 

pigment  may  in  part  also  consist  of  melanin.     Besides  carbon,  other  bodies,  such 

on  oxide,  silicic-  arid,  and  clay,  may  1*  deposited  in  the  lungs,  being  inhalrd 

ust. 

Among  the  In  dies  found  in  the  lungs  under  pathological  conditions  must 
be  specially  mentioned  albumoses  (and  peptones?)  in  pneumonia  and  sup- 
puration, glycogen,  a  slightly  dextrorotatory  carbohydrate  differing  from 
glycogen  found  by  FOUUUBI1  in  consumptives,  and  finally  also  cellulose, 
which,  BOOOnUng  to  1  hkii\i),s  oecura  in  the  lungs,  blood,  and  pus  of  persons 
with  tubereuloeia. 


1  Pflttger's  And  ,  12     Boa  abo  Uagnna-Levy  in  Pfliigcr's  Arch  .  55,  10,  in  which 
the  work  of  Zuntz  and  his  pupils  is  cited. 

ipt.  read. i  104. 

■Cited  from  Maly's  Jahrcshcr.,  IS,  218. 

hv,  Zeitschr.  f.  physiol    Cham.,  33;    Midler,  Verhandl.  d.  Kongress.  f.  inn. 
MediziK.  I""'-'. 

*  Pouchet,  Compt.  rend..  96;    Freund.  cited  from  Maly's  Jahretsbcr,  16,  471 


LUNGS  AND  THEIR  EXPECTORATIONS.  615 

C.  W.  Schmidt  found  in  1000  grams  of  mineral  bodies  from  the  normal 
human  lung  the  following:  NaCl  130,  K,0  13,  Na,0  195,  CaO  19,  MgO  19, 
Fe,0,  32,  PaO,  485,  SO,  8,  and  sand  134  grams.  According  to  Oidtmann  l 
the  lungs  of  a  14-day-old  child  contained  796.05  p.  m.  water,  198.19  p.  m. 
organic  bodies,  and  5.76  p.  m.  inorganic  bodies. 

The  sputum  is  a  mixture  of  the  mucous  secretion  of  the  respiratory 
passages,  of  saliva  and  buccal  mucus.  Because  of  this  its  composition  is 
very  variable,  especially  under  pathological  conditions  when  various  prod- 
ucts mix  with  it.  The  chemical  constituents  are,  besides  the  mineral 
substances,  chiefly  mucin  with  a  little  proteid  and  nuclein  substance. 
Under  pathological  conditions  albumoses  and  peptone  (?),  which  are  prob- 
ably produced  by  bacterial  action  or  by  autolysis  (Wanner,  Simon  *), 
volatile  fatty  acids,  glycogen,  Charcot's  crystals,  and  also  crystals  of 
cholesterin,  hsematoidin,  tyrosin,  fat  and  fatty  acids,  triple  phosphates, 
etc.,  have  be2n  found. 

The  form  constituents  are,  under  physiological  circumstances,  epithe- 
lium-cells of  various  kinds,  leucocytes,  sometimes  also  red  blood-corpuscles 
and  various  kinds  of  fungi.  In  pathological  conditions  elastic  fibres, 
spiral  formations  consisting  of  a  mucin-like  substance,  fibrin  coagulum, 
pus,  pathogenic  microbes  of  various  kinds,  and  the  above-mentioned 
crystals  occur. 

1  Schmidt,  cited  from  v.  Gorup-Besanez,  Lehrbuch,  4.  Aufl.,  727;  Oidtmann, 
*ut,  732. 

» Wanner,  Deutseh.  Arch.  f.  klin.  Med.,  75j  Simon,  Arch.  f.  exp.  Path.  u.  Pharm.,  49. 


CHAPTER  XVIII. 


METABOLISM  WITH  VARIOUS  FOODS,  AND  THEIR  NECESSITY 

TO  MAN. 

The  conversion  of  chemical  energy  into  heat  and  mechanical 
which  characterizes  animal  life,  leads,  aB  previously  stated  in  Chapter  1, 
to  the  formation  of  relatively  simple  compounds — carbon  dioxide,  urea, 
etc. — which  leave  the  organism,  and  which,  moreover,  being  very-  pi 
energy,  are  for  this  reason  of  little  or  no  value  for  the  body. 
therefore  absolutely  necessary  for  the  continuance  of  life  and  the  normal 
course  of  the  functions  of  the  body  that  the  organism  and  its  different 
tissues  should  be  supplied  with  new  material  to  replace  that  which  has 
been  exhausted.  This  is  accomplished  by  means  of  food.  Those  bodies 
BI8  designated  as  food  which  have  no  injurious  action  upon  the  organism 
ami  which  serve  as  a  source  of  energy  and  can  replace  tiros  Don 
of  the  body  that  have  been  consumed  in  metabolism  or  that  can  prevent 
or  diminish  the  consumption  of  such  constituents. 

Among  the  numerous  dissimilar  substances  which  man  and  animals 
take  with  the  food  all  cannot  be  equally  necessary  or  have  the  same  value. 
B  perhaps  are  unnecessary,  while  others  may  be  indispensable.  W>- 
have  learned  by  direct  observation  and  a  wide  experience  that  besides  th* 
n,  which  is  necessary  for  oxidation,  the  essential  foods  for  animal*  in 
general,  and  for  man  especially,  are  water,  mineral  bodies,  proU, 
hydrates,  and  fats. 

It  Is  also  apparent  that  the  various  groups  of  foodstuff*  necessary 
the  tissues  and  organs  must  be  of  varying  importance;   thus,  for  instance, 
water  and  the  mineral  bodies  have  another  value  than  the  organic  foods, 
and  these  again  must  differ  in  importance  among  themselves.     T 
edge  of  the  action  of  various  nutritive  bodies  on  the  exchange  of  material 
from  a  qualitative  as  well  as  a  quantitative  point  of  view  must  be  of  funda- 
mental importance  in  determining  the  value  of  different  nutritive  sub- 
stances relative  to  the  demands  of  the  body  for  food  under  various  condi- 
tions, and  also  in  deciding  many  other  questions — for  instance,  the  OB 
nutrition  for  an  individual  in  health  and  In  disease. 

iefa  knowledge  can  onlv  be  attained  by  a  series  of  systematic  and 
thorough  observations,  in  which  the  quantity  of  nutritive  materia:      I 
to  the  weight  of  the  body,  taken  and  absorbed  in  a  given  tin  ,  ared 
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with  the  quantity  of  final  mctubolic  products  which  leave  the  organism  at 
the  same  time.  Researches  of  this  kind  have  been  made  by  several  investi- 
gators, but  above  all  should  be  mentioned  those  made  by  BtBGBOn  and 
Yoit,  by  Pettenkofer  and  Voit,  and  by  Voit  and  his  pupils,  and  by 
Rotivkr. 

It  b  absolutely  necessary  in  researches  on  the  exchange  of  material  to 
be  able  to  collect,  analyze,  and  quantitatively  estimate  the  excreta  of  the 
organism,  bo  that  they  may  be  compared  with  the  quantity  and  compos; 
of  the  nutritive  bodies  ingested.  In  the  first  place,  one  must  know  what 
the  habitual  excreta  of  the  body  are  and  in  what  way  these  bodies'  leave  the 
organism.  One  must  abo  have  trustworthy  methods  for  the  quantitative 
estimation  of  the  same. 

The  organism  may,  under  physiological  enditions,  be  exposed  to  arvi- 
dental  or  peri  valuable  material — such  losses  as  only  occur  in 

certain  individuals,  <>r  in  the  sum*'  individual  only  at  a  certain  period;  for 
the  secretion  of  milk,  the  production  of  eggs,  the  ejection  of 
semen  or  menstrual  blood.     It  is  therefore  apparent  that  these  losses  can 
be  the  subject  of  investigation  and  estimation  only  in  special  cases. 

The  regular  and  constant  excreta  of  the  organism  are  of  the  very  great- 
est importance  in  the  study  of  metabolism.  To  these  belong,  in  the  first 
plane,  the  true  final  metabolic  products — carbon  dioxide,  urea  (uric  acid, 
hippuric  acid,  creatinine,  and  other  urinary  constituents),  and  a  part  of  the 
water.  The  remainder  of  the  water,  the  mineral  bodies,  and  those  secre- 
tions or  tissue  con.-tiiuent.s — mucus,  dtywaftM  jluiiis,  sebum,  pert}nroft0fft, 
and  epidermal  formations — which  are  either  poured  into  the  intestinal 
tract,  or  secreted  from  the  surface  of  the  body,  or  broken  off  and  thereby 
lost  to  the  body,  also  belong  to  the  constant  excreta. 

The  remains  of  food,  sometimes  indigestible,  sometimes  digestible  but  not  acted 
upon,  which  are  contained  in  the  f |  <  s  >.  md  wbirh  vary  considerably  in  quantity 
and  composition  with  the  nature  of  the  food,  also  belong  to  lbs  excreta  of  the 
organism.  Even  though  these  remains,  which  arc  never  absorbed  and  therefore  are 
never  Constituents  of  the  animal  fluids  or  tissues,  cannot  be  considered  as  excreta 
of  the  body  in  a  strict  sense,  still  their  quantitative  estimation  is  absolutely  D 
sary  in  certain  experiments  00  tin-  exchange  of  material. 

The  determination  of  the  constant  loss:  is  in  sums  cases  accompanied  with 
the  greatest  difficulties.  Tin-  loss  from  the  detached  epidermis,  from  the  secretion 
of  the  sebaceous  gland*  ere,  cannot  lie  determined  with  exactness  without  diffi- 
culty, and  therefore— as  they  do  nut  occasion  any  appreciable  k)SS  1 
their  small  quantity— they  need  not  !>e  considered  in  quantitative  axpsrfmsata 
on  metabolism.  This  also  applies  to  th.  constituents  of  the  mucus,  Bile,  pan 
creatic  and  intestinal  jui.es,  etc.  occurring  in  the  contents  of  the  intestine,  and 
which,  leaving  the  body  with  the  feces,  cannot  be  separated  from  the  other  con- 

ntcstinc  mid  therefore  cannot    be  quantitatively  determined 
rately.     The  uncertainty  which     herau-e  uf   the  intimated  difficulties,  attaches 

itself  to  the  results  of  the  experiments  :s  very  small  as  compared  to  the  variation 
which  is  caused  by  different  individualities,  different  modes  "f  living,  drfersal 

No  general  but  only  approximate  values  can  therefore  be  g  ven  for 
mt  excreta  of  the  human  body. 
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The  following  figures  represent  the  quantity  of  excreta  for  twenty  - 
from  a  grown  man,  weighing  60-70  kilos,  on  a  mixed  diet, 
numbers  are  compiled  from  the  results  of  different  investigators. 

Onuns. 

Water 2500-3oOO 

Salts  ( With  the  urine) 20-30 

Carbon  dioxide 7.50-900 

20-W 
Other  nitrogenou.*  urinary  OOOStltUfQtl 
Solids  in  the  excrements." 2i  i  - 

These  total  excreta  are  approximately  divided  among  the  vanous 
excretions  in  the  following  way;  but  still  it  must  not  be  forgotten  that 
this  division  may  vary  to  a  great  extent  under  various  external  circum- 
stances: by  rasjriratum  about  32  prr  cent,  }>■  m  from  th/ 
skin  17  per  cent,  with  the  urine  46-47  per  cent,  and  with  the  excrement* 
5-9  per  cent.  The  elimination  by  the  skin  and  lungs,  which  is  sometimes 
differentiated  by  the  name  ''psflsfrfntfto  in.scnsibilis"  from  the  visible 
elimination  by  the  kidneys  and  intestine,  is  on  an  average  about  50  {W 
of  the  total  elimination.  This  proportion,  quoted  only  relai 
eat  to  considerable  variation,  because  of  the-  great  difference  in 
the  loss  of  water  through  the  skin  and  kidneys  under  different  circum- 
stances. 

The  nitrogenous  constituents  of  the  excretions  con  fly  of  urea, 

or  uric:  acid  in  certain  animals,  and  the  other   nitl  aiary  con- 

stituents.    A  disproportionately  Urge  part  of  the  nitrogen  leave-    | 

b  the  urine,  and.  m  the  nitrogeneous  constituents  of  thi  a  are 

final  products  of  the  metabolism  of  proteids  in  the  organism,  the  qua 
of  proteids  catabolized  in  the  body  may  be  easily  calculated  by  multip 
the  quantity  of  nitrogen  in  the  urine  by  the  coefficient  0.25  (',V      6 
admitted  that  the  proteids  contain  in  round  numbers  10  per  cent  of  nitrogen. 

Still  another  question  is  whether  the  nitrogen  leaves  the  body  only  witli 
the  urine  or  by  other  channels.     The  latter  Is  habitually  the  case     Tt 
.  1  in        from  the  intestine  always  contain  some  nitrogen,  which  as  stated 
in  Chapter  IX  cooalstB  m  part  of  non-absorbed  remnanl 
in  chief  part  and  sometimes  entirely  of  constituents  of  the  epithelium  and 
the  (Jnder  these  cirournstanoea  it  ie  apparent  t:  nnnot 

gft  b  any  exact  figures  which  are  valid  for  all  cases  for  that  pc  I 
gen  of  the  excrements  which  originates  From  the  digestive  trad 
the  digestive  fluids.     It  may  not  only  van*  in  different   individual- 

une  individual  after  more  or  less  active  secretion  and  absorp- 
tion. In  the  attempts  made  to  determine  this  part  of  the  nitrogen  of 
the  excrements  it  has  been  found  that  in  man,  on  non-nit  •  -  or  nearlj 

nitrogen-free  food,  it  amounts  in  round  numbers  to  somewhat  less  than 
1  gram  per  twenty-four  hours  (Rieder,  Rubneb).    Even  with  such 
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the  absolute  quantity  of  nitrogen  eliminated  by  the  faeces  increases  with 
the  quantity  of  food  because  of  the  accelerated  digestion  (Tsuhoi  '),  u 
greater  than  in  starvation.    MOlleu'  found  in  liis  observations  on  the  faster 
Cetti  that  only  0.2  gram  nitrogen  was  derived  from  the  intestinal  canal. 

The  quantity  of  nitrogen  which  leaver  the  Imdy  under  normal  cini:m- 
stances  by  means  of  the  hair  and  nails,  with  the  scaling  off  of  the  skin,  and 
with  the  perspiration  cannot  be  accurately  determined.  It  is  neverthe- 
less so  small  that  it  may  be  ignored.  Only  in  profOBM  sweating  need  the 
elimination  by  this  channel  be  taken  into  con.-ilcmtion 

The  view  was  formerly  bold  that  in  man  and  carnivora  an  elimination 
of  gaseous  nitrogen  took  place  through  the  skin  and  lungs,  and  ocean 
this,  on  comparing  the  nitrogen  of  the  food   with  that  of  the  urine  and 
fieces,  a  nitrogen  deficit  occurred  in  the  visible  elimination. 

This  question  has  been  the  subject  of  much  discussion  and  of  numerous 
investigations.5  These  investigations  have,  shown  that  the  above  assump- 
tion ■  unfounded,  and  moison  especially  Petten- 
kofer  and  Voir,  and  GstJWER,*  have  shown  by  experiments  on  man  tad 
animals  that  with  the  proper  quantity  and  quality  of  food  the  ' 
be  brought  into  nitrogenous  equilibrium,  in  which  the  quantity  of  n i r 

1  with  the  urine  and  faeces  is  equal  or  nearly  equal  to  the  quantity 
contained  in  the  food.     Undoubted]}    we  must  admit  with  Voit  that  a 
deficit  of  nitrogen  does  not  exist,  or  it  is  so  insignificant  that  in  experi- 
ments upon  metaUili-m  it  need  not  be  considered.     Ordinarily,  in  in< 
gationa  oo  the  oatabousm  of  proteids  is  the  body,  it  (s  onlj  py  to 

consider  the  nitrogen  of  the  urine  and  faeces,  but  it  must  be  remarked  that 
the  njtrog  te  urine  is  a  oaeaBurs  of  i1  rl  oi  the  oatab  li 

the  protddB  in  the  body,  while  the  nitrogen  of  the  faeces  (aft- $ 
about  1  gram  on  a  mixed  diet]  is  a  maaenfe  of  the  onn-abeorbed  part  of  the 

nitrogen  of  the  food.     The  nitrogen  of  the  food,  U  well  as  of  the  excreta, 
is  generally  determined  by  KjELDARl/e  method. 

In  tin  oxidation  of  the  proteids  in  tin:  i  n  their  sulphur  is  oxidised 

into  sulphuric  acid,  and  00  this  depends  tin-  fact  that  the  elimination  of 
sulphurir  acid  by  the  urine,  which  in  man  is  only  to  a  small  extent  derived 
from  the  sulphates  of  the  food,  makes  nearly  equal  variations  with  I  he  i 
nation  of  nitrogen  by  the  urine.  If  the  amount  of  nitrogen  and  sulphur 
in  the  proteids  is  considerd  as  16  per  cent  and  1  per  cent  respectively, 
then  the  proportion  between  the  nitrogen  of  the  proteids  and  the  sulphuric 

*  Rieder,  Zeitschr.  f.  biologic,  20;   Rubner.  ibid.,  15;  Tsuboi,  ibid.,  36. 

1  Berlin,  klin.  Wochenscbr. ,  1S87. 

J  Sm  Regnault  and  Rciset,  Anna!  d.  c-him.  ot  phys.  (3),  28,  and  Annal.  d.  Chem. 
u.  Pharnx,  73;  Seegen  and  Nuwak,  Wien.  BUMBSBbflr ..  "1.  aud  Plluger's  Arch.,  Bj 
Pettenkofcr  and  Voit.  Zoistchr.  f.  Biologic,  lfi;    Leo,  Pfluger's  Arch..  26. 

4  Pettenkofer  and  Voit,  in  Hermann's  llandbuch,  C,  Thl.  1;  Griiber,  Z«itscbr.  f. 
Biologie.  10  and  19. 
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•acid,  HjS04,  produced  by  their  combustion  is  in  (he  ratio  5.2:1,  or  about 
the  same  as  in  the  urine  (see  page  532).  The  determination  of  the  quantity 
of  sulphuric  acid  eliminated  in  the  urine  gives  us  an  important  means 
Of  controlling  the  extent  of  the  transformation  of  proteids,  and  such  a 
eontR)]  is  especially  important  in  mood  in  which  it  is  expected  to  study 
the  action  of  certain  nitrogenous  non-albuminou-  bodies  on  the  metabolism 
of  proteids.  A  determination  of  the  nitrogen  alone  is  not  suffice 
Buofa  QB8SB.  A  perfectly  positive  measure  of  the  protoid  catabolism  can- 
not be  made  from  tin;  sulphuric  acid  of  the  urine,  as  the  various  pa 

lances  have  a  rather  variable  sulphur  content,  and  on  the  other  hand 
also  a  variable  quantity  of  the  sulphur  in  the  urine  exists  as  so-called 
neutral   sulphur. 

The  pseudonucleins,  as  well  as  the  true  nucleins.  may  be  absorbed  more 
or  less  completely  from  the  intestinal  tract  and  then  assimilated  ' 
U<  Ji.  SaNBMBTEB,  MakcuSE,  Rohmann,  and  Stkivitz.  LOKWX,1  and 
others).  On  the  other  hand,  the  phosphorized  protein  substances,  leci- 
thins and  protagons,  are  also  decomposed  within  the  body,  and  I 
phorue  I  chiefly  eliminated  as  phosphoric  acid  and  also  in  part  as  organic 
phosphorus  (see  page  525).  For  these  reasons  the  phosphorus  is  of 
great  importance  in  certain  i investigations  on  metabolism. 

If  it  is  found,  on  comparing  the  nitrogen  of  the  food  with  that  of  the 
urine  and  EpOOC,  that  there  Is  an  excess  of  the  Diet,  thifl  means  that  the 
body  has  increased  its  stock  of  nitrogenous  substances — proteids.  If,  on 
the  contrary,  the  urine  and  fasces  contain  more  nitrogen  than  the  food 
at  the  same  time,  this  denotes  that  the  IkkIv  is  giving  up  part  of  it?  I 
gen — that  is,  a  part  of  its  own  protei,!  tuu  been  decomposed.  We  can. 
from  the  quantity  of  nitrogen,  as  above  Bta  corresponding 

quantity  of  proteids  by  multiplying  by  0.2." .      I     liallj    according  I 
proposition;    the   nitrogen   of  the  urine   is  not   calculated   B  posed 

protnl      but  as  decomposed  muscle-substance  or  flesh.     Lean  meat  con- 
tains on  an  average  about  3.1  per  cent  nitrogen;  hence  each 
gen  i  rine  corn  round  Bumban  to  about  30  grams  of  flesh 

The  assumption  that  lean  meat  contains  3.4  per  cent  nitrogen  is  arbitrary. 
the  relationship  oi   N":C  in   the  proteids  of  dried  meat,  which  is  of 

i  importance  in  certain  expert metabolism,  is  given  dim.  • 

by  vaiioua  egperimantora,  namely,  1:3.22 — 1:3.68.     Ai 
beef,  after  complete  removal  id  subtraction  of  glycogen,  that  ibt 

1  tee  Chapter  X.I). 

!  Tn  regard  to  the  investigations  on  the  metabolism  of  phosphorus  and  the  me«bc»J» 
used  therein,  see  iitoinitz,  PS  tiger's  Arch.,  72;    Zadik,    •'<•/  .  77:    Leipzig 1 
»i.Tt..l    Zfit.sc hr.  f    phyaioL  Chem.,  26;    Mandd  and  Oertel,  BulL  Med   ■■•    • 

.,  1,  and  Ehrlich,  Inaug.-Dias.,  Breslau,  1900;  Loeni,  Arch    f  exp  Path  n  Pnana., 
45.     On  the  absorption  of  casein,  see  Poda,  Pruuanitz,  Micku,  and  P.  Mullcr.  Z«i' 
biologic,  39. 
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The  carbon  leaves  the  body  chiefly  as  carbon  dioxide,  which  a  elimi- 
nated by  the  lungs  and  skin.  The  remainder  of  the  carbon  is  excreted  in 
the  urine  and  faces  in  the  form  of  organic  compounds,  to  which  the  quan- 
tity of  carbon  can  be  determined  by  elementary  analysis.  It  used  to  be 
considered  sufficient  to  calculate  the  quantity  of  carbon  in  the  urine  from 
the  quantity  Of  nitrogen  according  to  the  relationship  N:C=  1:0.67.  Thus 
does  not  seem  to  be  trustworthy,  as  this  relationship  varies  and  depends, 
according  to  Ta.ngl  and  PVLtiQSB,1  upon  the  kind  of  food.  Taxol  has 
shown  that  the  richer  the  food  is  in  carbohydrates  the  more  carbon  and 
heat  of  combustion  per  gram  of  nitrogen  does  the  urine  contain.  He 
found  the  following  for  1  gram  of  nitrogen  in  the  urine:  With  diet  rich 
in  fat  0.747  gram  0  and  0.22  Calories;  for  carbohydrate-rich  diet  he  found 
0.963  gram  C  and  1 1.67  Calories. 

The  quantity  of  gaseous  <arl«»n  dioxide  eliminated  may  be  determined 
by  means  of  Petti:  nkokku's  respiration  apparatus  or  by  other  method i. 
Bj  multiplying  the  quantity  of  carbon  dioxide  found  by  0.273  one  obtains 
the  quantity  of  carbon  eliminated  as  CO,.  If  the  total  quantity  of  carbon 
eliminated  in  various  ways  is  compared  with  the  carbon  contained  in  the 
food  some  idea  can  be  obtained  as  to  the  transformation  of  the  carbon 
compounds.    If  the  quantity  of  carbon  in   the  food  is  greater  than  in  the 

'a,  then  the  excess  is  deposited;  while  if  the  reverse  be  the  case  it 
shows  a  corresponding  loss  of  body  sidistann-. 

The  nature  of  the  substances  here  deposited  or  lost,  whether  they  con- 

{  proteids,  fats,  or  carbohydrates,  is  teamed  from  the  total  quantity  of 
the  nitrogen  of  I  he  excretions.  The  corresponding  quantity  of  proteids  may 
be  calculated  from  the  quant  ty  of  nitrogen,  and,  as  the  average  quantity 
of  carbon  in  the  proteids  ifl  known,  the  quantity  of  carbon  which  corre- 

ls  to  the  decomposed  proteids  may  be  easily  ascertained.  If  the 
quantity  of  oarboo  ihu-  found  is  smaller  than  the  quantity  of  the  total 
carbon  in  the  excreta,  it  is  then  obvious  that  some  other  nitrogen-free  sub- 
stance hss  been  consumed  besides  the  proteids.  If  the  quantity  of  carbon 
in  the  proteids  is  considered  in  round  numbers  as  53  per  cent,7  then  the 
relation  between  carbon  (53)  and  nitrogen  (16)  is  a*  3.3:1.  If  the  total 
quantity  of  nitrogen  eliminated  Is  multiplied  by  3.3,  the  SXOSH  of  OftH 

luninations  over  the  product  found  represents  the  carbon  of  the  dee.  «n 
posed  non-nitrogenous  compounds.  For  instance,  in  the  case  of  a  pe 
experimented  upon,  10  grams  of  nitrogen  and  200  grams  -  if  carbon  were  elimi- 
nated in  the  course  of  24  hours ;  then  the.se  fi2.5  grams  of  proteid  correspond 
to  33  grams  of  carbon,  and  the  difference,  200 -(3.3X10) -107,  represents 
the  quantity  of  carbon  in  the  decomposed  non-nitrogenous  compounds.  If 
we  start  from  the  simplest  case,  starvation,  where  the  body  lives  at  the 

VOgMT,  l'Miiger's  Arch.,  79;  Tungl,  Arch.  f.  (Aiiat.  u.)  Phynol.,  1899,  Suppll.  ! 
"  Tin-  figure  ■  perhaps  a  little  too  high. 
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expense  of  its  own  substance,  then,  since  the  quantity  of  carbohydrates  as 
compared  with  the  fats  of  the  body  is  extremely  small,  in  such  cases  in 
order  to  avoid  mistakes  the  assumption  must  be  made  that  the  person 
anted  upon  has  used  only  fat  and  pxoteida.     As  animal  fat  con- 
on  an  average  76.5  per  cent  carbon,  the  quantity  of  transformed  fat 


1 .3.     In  the  case  of 


may  be  calculated  by  multiplying  the  earbon  by  —-=■ 

the  above  example,  the  person  experimented  upon  would  have  use 
grams  of  proteids  and  167X1.3  =  217  grams  of  fat  of  his  own  body  in  (In 

iTSe  of  the  twenty-four  hours. 

Starting  from  the  nitrogen  balance,  it.  can  be  calculated  in  the  same  way 
her  an  excess  of  <  the  food  a*  compared  with  the  quant 

carbon  in  the  excreta  is  retains!  by  tin-  body  as  proteids  or  fat  or  &- 
On  ihc  other  hand,  with  an  8X0088  "i  caxfoon   in  'he  excreta  one  can  I d 
how  much  of  the  loss  of  the  substance  of  the  body  is  due  to 
"f  the  proteids  or  of  fat  or  of  both. 

Thfi  quantity  of  water  and  mineral  bodies  voided  with  the  urine  and 
fseces  can  easily  be  determined.     The  quantity  of  water  eliminated  h 
skin  and  hingp  may  \>f  dir.-etly  estimated  by  means  of  Pi 

rat  us.     Tlie  quantity  of  oxygen  taken  up  is  caleul: 
ence  between  the  weight  of  thf  individual  before  the  experiment  plus  all 
the  directly  determined  substances  ingested,  and  the  final  ■ 
individual  plus  all  his  excreta. 

The  oxygen  may  also  be  determined  directly,  according  to  R».<;n.ult- 
Rii  aetbod,  or  in  other  ways,  and  such  a  determination  witi 

Simultaneous  estimation  of  the  oarbOB  dioxide  eliminated  is  of  great  U 
tance  in  tin-  study  of  metaboh 

<  in  comparing  the  inspired  and  the  expired  ail  WO  learn,  on  measuring 
v  and  at  the  same  temperature  and  pressure,  that  the  v 
of  the  expired  air  is  less  than  that  of  the  inspired  air.     This  depend- 
the  fact  that  not  all  of  the  oxygen  appears  again  in  the  expired  air  as  car- 
Imhi  dioxide,  0808086  it.  Ls  not  only  used  in  ti 


also  in  part  in  the  formation  of  watet  trio  arid,  and  other  1 

is  n 
CO, 


The  volume  of  expired  carbon  dioxide  is  regularly  less  than  the  v 


the  inspired  oxygen,  and  the  relation 
quotient,  is  generally  less  than  1. 


0 


.  which  is  called  the  respiratory 


1  In  regard  to  the  methods  for  estimating  the  carbon-dioxide  .•■  .mi  the 

oxygfn  cdiiMitiiption,  see  Zuntz,  Hermann'*  Handbuch  d    l'hy&iol.,  4.  Tl    2.    Hoppe- 

:,  Ziitschr.  f.  physiol.  Cham.,  19;  Sonden  and  Tigerstedt.  Skand.  An  1. 
fi;  Spack,  Physiol,  des  menschl.  Atmens.     Leipzig,  1892;  Zuntz  and  Geppert,  Pfluger's 
Arch.,  42;    Magnus-Levy,  ibid.,  66,  10,  where  the  work*  of  Zuntz  and  his  pupiU  art 
cited;    Hanriot  et  Richet,  Compt.  rend.,  104,  and  Atwater,  Bull,  of  Dept.  of  Agric, 
Waahingtou,  Nc*  44,  68,  69,  und  109. 
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The  magnitude  of  the  respiratory  quotient  is  dependent  upon  the  kind 
of  substances  destroyed  in  the  body.  In  the  combustion  of  pure  carbon 
one  volume  of  oxygen  yields  one  volume  of  carbon  dioxide,  and  the  quo- 
tient is  therefore  equal  to  1.  The  same  is  true  in  the  burning  of  carbo- 
hydrates, and  in  the  exclusive  decomposition  of  carbohydrates  in  the 
animal  body  the  respiratory  quotient  must  be  approximately  1.  In  the  ex- 
clusive metabolism  of  proteids  it  is  close  to  0.80,  and  with  the  decomposi- 
tion of  fat  it  is  0.7.  In  starvation,  as  the  animal  draws  on  its  own  flesh 
and  fat,  the  respiratory  quotient  must  be  a  close  approach  to  the  latter 
figure.  The  respiratory  quotient  therefore  gives  important  data  on  the 
quality  of  the  material  decomposed  in  the  body,  naturally  with  the  suppo- 
sition that  the  elimination  of  carbon  dioxide,  independent  of  the  formation 
of  carbon  dioxide,  is  not  influenced  by  special  conditions,  such  as  the  alter- 
ation of  the  respiratory  mechanism. 

It  is  also  possible  in  systematized  experimentation  to  carry  on  the 
metabolism  experiments  so  that  the  decomposable  material  of  the  body, 
as  shown  by  the  respiratory  quotient,  remains  qualitatively  the  same,  at 
least  for  a  short  time.  In  such  experiments  it  has  been  shown,  especially 
by  Zuntz  and  his  pupils,1  that  the  extent  of  oxygen  consumption  may 
be  taken  as  a  measure  for  the  action  of  different  influences  on  the  extent  of 
metabolism.  This  possibility  is  based  on  the  fact  proved  by  Pfluger  and 
his  pupils,  and  by  Voit,2  that  the  consumption  of  oxygen  within  wide 
limits  is  independent  of  the  supply  of  oxygen,  and  is  exclusively  dependent 
upon  the  oxygen  demand  of  the  tissues.  For  certain  reasons  the  consump- 
tion of  oxygen  gives  indeed  a  better  conclusion  than  the  elimination  of 
carbon  dioxide  as  to  the  extent  of  exchange  of  material  and  energy;  but 
as  the  same  quantity  of  oxygen  (100  grams)  consumes  different  quantities 
of  fat,  carbohydrates,  and  proteids  in  the  body — namely,  35,  84.4,  and 
74.4  grams  respectively — the  respiratory  quotient  must  also  be  deter- 
mined, in  order  to  ascertain  the  nature  of  the  substance  burnt  in  the  body, 
simultaneously  with  the  determination  of  the  carbon  dioxide. 

As  the  different  foods  require  different  amounts  of  oxygen  in  the  com- 
bustion of  each  gram  of  substance  and  yield  different  amounts  of  C02,  each 
gram  of  oxygen  taken  up  and  each  gram  of  carbon  in  the  expired  air  as 
carbon  dioxide  must  correspond  to  different  heat  values.  This  follows 
from  the  following  table: 

Calories  Calories 

per  grm.  C  Relative  per  grin.  Relative 

in  the  CO?  of         Value.  Consumed  Value, 

the  Expired  Air.  Oxygen. 

In  the  combustion  of  cane-sugar.  .. .     9.5  100  3.56  118.6 

"    "  "  "meat 10.2  107  3.00  100.0 

"    "  "  "fat 12.3  129  3.27  109.0 

1  See  foot-note  1 ,  page  622. 

'  Pfluger,  Pfluger's  Arch.,  6, 10,  and  14;  Finkler,  ibid.,  10;  Finlder  and  Oertmann. 
ibid.,  14;  Voit,  Zeitechr.  f.  Biologic,  11  and  14. 
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Pfluoer  has  found  the  following  figures  for  the  calorific  value  of  1  gram 

oxygen : 

For  muscle  tissue  free  from  fat 3 .30  CeJ. 

Fat 3  29    " 

Starch 8. S3    " 

Tin-  figure*  for  the  oxygen  differ,  Rfl  HMD  above,  leas  than  tho  e  for  the  carbon, 
and  this  is  thfl  reason  why  n-  ttod,  thr>  oxygen  consumption  gives  n  | 

toon  correct  oonohMton  m  to  the  •seeaagQ  of  fores  Quo  the  elimination  of  carbon 

I'le.1 

Kaufmann  '  encloses  the  individual  to  be  experimented  upon  in  a 

capacious  tin  box,  which  serves  both  as  a  respiration-rhamVr  I  :  'rim- 

eter,  an. I  which  permits  of  the  estimation  of  the  nitrogen  of  the  urine  and 
the  carbon  dioxide  expired,  as  well  as  the  inspired  oxygen  and  the  qua- 

■■•at   produced.     If  We  start  from  the  theoretically  calculated  formula 
for  the  various  possible  transformations  of  the  proteids,  fats,  and  carbo- 
hydrates in  the  body,  it  is  clear  that  other  values  must  be  obtained  for 
the  heat,  carbon  dioxide,  oxygen,  Bad  nitrogen  of  the  urine,  when  aft 
example,  admits    of  a  complete    combustion    of   proteids    to    urea,  c. 
dioxide    and  water,  or  of  a  partial  splitting  off  of  fat. 
ship  between  heat,  carbon  dioxide,  and  oxygen  is  also  to  be  expected  when 
the  fat  is  completely   burnt    or  when   it  is  decomposed    into 
dioxide,  and  water.     In  this  way,  by  a  comparison  of  the  values  found  in 
special  cases  with  the  figures  calculated  for  the  various  transform*] 
Kaufmann  attempts  to  explain   the  various  decomposition  processes  in 
the  body  under  different  nutritive  conditions. 

I.  The  Energy  and  the  Relative  Nutritive  Value  of  Various  Organic 

Foodstuffs. 

Willi  the  organic  foods  the  organism  receives  a  supply  of  cl 
ciier^-  which  is  converted  into  heat  and  mechanical  work  in  the 
This  energy  of  the  various  foods  may  be  represented  by  the  amount  oj 
which  is  set  free  so  their  combustion.    This  quantity  of  heal  -sedtf 

calories,  and  a  small  calorie  i-  the  quantity  of  heat  necessary  to  warm  1  gram 
of  water  from  0°  to  1°  C.    A  large  calorie  is  the  quant  at  necessary  to 

warm  1  kilo  of  water  1°  C.     Here  and  in  the  following  pages  large  ealnrio  nr, 
t<.  be  understood.    There  are  numerous  investigations  by  differs 
mentsrSjSueh  is  Fhanxxand,  Dantlewbkx,  Rubnkr,  Bsrthelot, £ 
and  others,  on  the  calorific  value  of  different  foodstuffs.     The  follow  n 
suits,  which  represent  the  calorific  value  of  a  few  n 
piste  combustion  outside  of  ti  to  the  highest  oxidation  , 

taken  from  .Stohmavn's8  work. 

1  Sec  Ad.  Magnu»-Lc\y.  l'tluger's  Arch.,  55,  7,  and  Pfliiger,  rbid..  77,  7S,  and  78 

*  Arch,  d.  Physiologic  i.:>),  8. 

■6m  Etabntr,  ZdtBchr.  f    Biologic,  21,  which  also  cites  the  works  of  ! 
and    i  <•  idso  Bert  helot,  Compt.  rend.  102.  101.    and  110; 

Zeitachr    f.  ftiologii-,  31 
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CkloriM. 

Casein 5.86 

Ovalbumin 5 .  74 

Conglutin 5 .  48 

Proteid  (average) 5.71 

Animal  tissue-fat 9. 50 

Butter-fat 9.23 

Cane-f  ugar 3 .  96 

Milk-sugar 3.95 

Dextrose 3  74 

Starch 4. 19 

Fats  and  carbohydrates  are  completely  burnt  in  the  body,  and  one  can 
therefore  oongidfli  their  combustion  equivalent  as  a  measure  of  the  living 
force  develnpi-'l  by  thorn  within  the  organism.     We  generally  designate  9.3 
and  4.1  calories  for  each  gram  of  substance  as  the  average  for  the  physic- 
al calorific  value  of  fats  and  carbohydrates  respectively. 

The  proteids  act  differently  from  the  fats  and  carbohydrates.  They 
are  only  incompletely  burnt,  and  they  yield  certain  decomposition  prod- 
ucts, which,  leaving  the  body  with  the  excreta,  still  represent  a  certain 
quantity  of  energy  which  is  lost  to  the  body.  The  heat  of  combustion  of 
the  proteida  is  smaller  within  the  organism  than  outside  of  it,  and  they 
must  therefore  be  specially  determined.  For  this  purpose  Rudver  '  fed  a 
;ished  meat,  and  he  subtracted  from  the  heat  of  combustion  of 
the  food  the  he  mbustion  '»f  the  urine  and  fares,  which  corresponded 

to  the  food  taken  plus  the  quantity  of  heat  necessary  for  the  swelling  up  of 
id  the  solution  of  the  urea.  Rudner  has  also  tried  to  deter- 
mine the  heat  of  combustion  of  the  proteids  (muscle-proteids)  decomposed 
in  the  body  of  rabbits  in  starvat  ion.  According  to  these  investigations, 
the  physiological  heat  of  combustion  in  calories  for  each  gram  of  substance 
is  as  follows : 


t  crm.  of  the  dry  snitwtnncc.                                                                    OaloriM. 
Prot'  i  4.4 

Kwda  4.0 

Proteid  in  starvation 3.8 

Fat  (average  for  various  fate) 9.3 

Carbohydrates  (calculated  average) 4.1 


The  physiological  combustion  value  of  the  various  foods  belonging  to 
the  same  group  is  not  quite  the  same.     It  is,  for  instance,  3.97  calories  for 

»a  vegetable  proteid.  conglutin,  and  4.42  calories  for  an  animal  proteid  bo 
syntonin.  According  to  Rub.yer  the  normal  heat  value  per  1  gram  of 
animal  proteid  may  be  considered  as  4.23  calorie-,  and  of  vegetable  proteid 
as  3.96  calories.  When  a  person  on  a  mixed  diet  takes  about  GO  per  cent  of 
the  proteids  from  animal  foods  and  about  40  per  cent  from  vegetable  foods, 
the  value  of  1  gram  of  the  proteid  of  the  food  is  equivalent  to  about 
I  1  calories.    The  physiological  value  of  each  of  the  three  chief 
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y  their  decomposition  in  the  body,  is  in  round  numbers  as 

Calories. 

proteid 4.1 

»t 9.3 

carbohydrate .-...»■•••«  4.1 

imvn,  the  fats  and  carbohydrates  may  decrease  the  metab- 

ls  in  the  body,  while,  on  the  other  hand,  the  quantity  of 

le  body  or  in  the  food  acts  on  the  metabolism  of  fat  in  the 

dulogieal  combustion   the  various  foods   may  replace  erne 

jrtain  extent,  and  it  is  therefore  important  to  know  the 

«e>i.v— v.     The  investigations  made  by  Rubner  have  taught 

j  relates  to  the  force  and  heat  production  in  the  animal  body, 

fiou  that  corresponds  with  the  figures  of  the  heat  value  of  the 

is  apparent  from  the  following  table.    In  this  is  found  the 

«3  various  foods  equal  to  100  grams  of  fat,  a  part  determined  from 

on  animals  and  a  part  calculated  from  figures  of  the  heat  values. 

100  grams  fat  are  equal  to  or  isodynamic  with 

From  Experiments  From  the  Difference, 

on  Animals.  H>4!  Value.  percent. 

,.,,., 225  213  +5.6 

ih  (dried) 243  235  +4  3 

~«  v» - .  - .  , 232  229  +1.3 

Caiie-sugar 234  235  -0 

Dextrose 256  255  -0 

From  the  given  isodynamic  value  of  the  various  foods  it  follows  that 
these  substances  replace  one  another  in  the  body  almost  in  exact  ratio  to 
the  energy  contained  in  them.  Thus  in  round  numbers  227  grams  of  pro- 
teid  and  carbohydrate  are  equal  to  or  isodynamic  with  100  grams  of  fat  in 
regard  to  source  of  energy,  because  each  yields  930  calories  on  combustion 
in  the  body. 

By  means  of  recent  very  important  catorimetric  investigations  Rubneb  ' 
has  shown  that  the  heat  produced  in  an  animal  in  several  series  of  experi- 
ments extending  over  forty-five  days  corresponded  to  within  0.47  per  cent 
of  the  physiological  heat  of  combustion  calculated  from  the  decomposed 
body  and  foods.  Atwater  and  his  collaborators  2  have  made  some  very 
thorough  investigations  on  this  subject  on  men.  In  their  experiments 
they  made  use  of  a  large  respiration  calorimeter,  which  not  only  deter- 
mined exactly  the  excreta  but  also  made  a  calorimetric  determination  of 
the  heat  given  out  by  the  person  experimented  upon,  i.e.,  the  work  per- 
formed. From  the  results  of  these  experiments  they  found  nearly  an 
absolutely  complete  agreement  between  the  calories  found  directly  and 
those  calculated. 

1  Zeitachr.  f.  Biologie,  80. 

1  Bull,  oi  Bept.  ol  kp\c.,"^u3a««gu*\,  44,  M,  69,  and  109. 
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This  isodynamic  law  is  of  fundamental  value  in  the  study  of  metab- 
olism and  nutrition.  By  t  ■ -ible  la  consider  Cbfl  processes 
of  metaboiiam  M  men  miations  of  energy.  The  quantity 
of  energy  in  the  transformed  foods  or  the  constituents  of  the  body  may 
be  used  as  a  measure  for  the  total  consumption  of  en«  tin- 
knowledge  of  the  quantity  of  energy  in  the  foods  mu  is  fur 
the  Calculation  of  dietaries  for  human  beings  under  various  condition. 

The  heat  value  of  a  foodstuff  can  be  directly  determined  in  a  calorim- 
eter I)  it  may  also  be  calculated  from  its  composition.  If  one  subtracts 
from  the  gross  heat  value  of  the  food  obtained  in  one  way  or  another,  the 
combustion  heat  of  the  faces  and  urine  with  the  same  diet,  then  is  obtained 
the  net  calorific  value  of  the  diet.     Tins  value,  calculated  in  pent  nt:i  .•  u{ 

-tal  energy  content  of  the  food,  is  called  the  phyxin 
by  Rubner.1     In  order  to  elucidate  this  we  will  give  a  few  of  Rubnkr's 
values.     The  Ion  in  calories,  as  well  as  the  physiological  availability,  are 
calculated  in  percentages  of  the  total  energy  content  of  the  food. 

.,      i  Lom  in  perowit.  Total  Iom    Availability 

rooa-  In  urine.         In  tti*  fi-cea.     in  per  cent,    in  per  vent. 

row's  milk.  .                          .  5.U  6.07  10  20  90.8 

Mixed  diet  (rich  in  fat) 3.87  5.73  9  no  90.4 

r  in  fat) 4.70  6.00  10  70  89  9 

Potatoes 2.00  6.00  7  60  92.4 

Graham  bread 2  10  15.50  17  90  82  1 

Rye  bread 2.20  1M  .30  26  78.0 

Meat 16.30  6.90  88.90  70.8 

In  order  to  simplify  the  calculation  of  the  energy  exchange  there  exists, 

besides  the  above-mentioned  standard  figures  for  the  physiological  calorific 

value  of  the  organic  foodstuffs,  ab-o  for  the  earlxm  "f  the  carbon  dioxide, 

.iii.l    for    the   oxygen    other  standard  factors.     Thus  for  1    gram  of 

(dry  substance)   free  from   fat  and  extractives  we   have  the  calculi 

value  of  5.44-5.77  Cat.     Koim.lk  j  found   5.G78  Cal.    for  1  gram  of  ash 

and   fat-free    dried-meat    BtlbstflBBOS  of   the    ox    and   5.599    Cal.   for  the 

horse.     According  to    FUUBMUL    and    8)  BRIliail  *    45.4     Cal.     i      oaleu- 

lated    for    1    gram    of   nitrogen    in    fat   and    ash-free    dried-meat    faeces 

while  6.97   to  7.45  Gal.   is  calculated  for   1  gram  of  nitrogen  in 

Cal 
meat-urine.      The  calorific   urine  quotient  -**-  seems  still,  as  found  by 

l,  not  to  be  constant  for  human  beings  at  least,  but  is  dependent 

upon  the  variety  of  food. 

Instead  of  the  direct  il. termination  the  heat  of  combustion  can  also  be  deter- 
mined from  the  elementary  composition  according  to  the  following  principle  as 
suggested  by  E.  Voit.4     If  we  designate  the  heat  of  combustion  for  1  gram  of 

•  Zeitschr.  f.  Biologic  42. 

iHeehr.  f.  paynoL  Chem,,  31. 

1  The  works  of  Rented  and  Schreuer  may  bo  found  in  Arch.  f.  (Aaat  u.)  Physiol., 
1901.    1902,  and  1903. 

•  Zeitachr.  f.  Biologic.  H      See  also  Krummacher,  ibid. 
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the  substance  by  Cal.  and  the  quantity  of  oxygen  necessary  for  the  complete 

combustion  of  1  gram  of  the  substance  (-oxygen  capacity  of  the  Eubstance)  bv 

Cal 
0,  then     —*  -  K,  which  i  the  combustion  value  for  1  gram    f  oxygen.     The  oxygen 

capacity  can  be  calculated  from  the  elementary  composition,  and  when  the  valine 
of  K  is  known,  the  MHnbuitiOD  heat  of  a  chemical  compound  or  a  known  mi 
can  be  readi  y  determined.  The  value  A'  is  nearly  constant  or  substances  ot 
the  aam«  groups;  but  also  different  groups  show  among  themselves  only  slight 
deviation  ibr  this  value.  Voit  obtained  the  following  values  for  a  few  of 
the  foodstuffs: 

KdnkK.  C«l.)  OC»P»niy. 

Plant  orofoU 3.208  I   740 

Animal  protti.l 3  273  1    741 

F«t 3.271  2  863 

Carbohydrate 3. 52.1  1 .  156 

These  methods  of  calculation  are,  according  to  Voit  and  Krummacbbr,  admi»- 
Bible  for  practical  purposes. 

II.  Metabolism  In  Starvation. 

In  Starvation  the  decomposition  in  the  body  continues  unintern.i 
rh  with  decreased  intensity;   but,  as  it  takes  place  at  the  expense  of 
ill--  substance  of  the  body,  it  can  only  continue  for  a  limited  time.    Whoa 
an  animal  has  lost  a  certain  fraction  of  the  mass  of  the  body  death  El  the 
result.    This  fraction  varies  with  the  condition  of  the  body  at  the  begin- 
ning of  the  starvation  period.     Fat  animals  succumb  when  the  wci. 
tihfl  body  has  sunk  to  one  half  of  the  original  weight.     Otherwi>* 
ing  to  Chossat,1  animals  die  as  a  rule  when  the  weight  of  the  body  hi 
sunk  to  two  fifths  of  the  original  weight.     The  period  when  death  0 
from  starvation  not  only  varies  with  the  varied  nutritive  eondii 
beginning  of  starvation,  but  also  with  the  more  or  less  active  exchange  of 
material.    This  is  more  active  in  small  and  young  animals  than  in  large 
and  older  ones,  but  different  classes  of  animals  show  an  unequal  act 
Children  pureurnb  DO  Starvation   in  3-5  days  after  having   lost  one  fourth 
of  their  body  mass.     Grown  persons,  as  observed  on  Succi.'  may  starve 
for  twenty  days  without  lasting  injur\f;   and  there  are  I  of  cases  of 

starvation  extending  over  a  period  of  even  more  than  fifty  days.  Dogs 
can  live  without  food  from  four  to  eight  weeks,  birds  five  to  twenty  days, 
snakes  more  than  half  a  year,  and  frogs  more  than  a  year. 

In  starvation  the  weight  of  the  body  decreases.    The  loss  of  v 
greatest  in  the  first  few  days,  and  then  decreases  rather  uniformly.    In 
small  animals  the  absolute  loss  of  weight  per  day  is  naturally  less  than 
in  larger  animals.     The  relative  loss  of  weight — that  is,  the  loss  of 
of  the  unit  of  the  weight  of  the  body,  namely,  1  kil  the  oon 

greater  in  small  animals  than  in  larger  ones.     The  reason  for  thi 


1  Cited  from  Voit  in  Berawmi     Bandbuch,  6,  Thl.  l. 
*8ee  Luciani,  Das  Hnngern.     Hamburg  u.  Leipzig,  1890. 
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the  smaller  animals  have  a  greater  surface  of  body  in  proportion  to  their 
mass  than  larger  animals,  and  the  greater  loss  of  heat  caused  thereby  must 
be  replaced  by  a  more  active  consumption  of  material. 

It  follows  from  the  decrease  in  the  weight  of  the  body  that  the  absolute 
extent  of  metabolism  must  diminish  in  starvation.  If,  on  the  contrary, 
the  extent  of  the  metabolism  is  referred  to  the  unit  of  the  weight  of  the 
body,  namely,  1  kilo,  it  appears  that  this  quantity  remains  nearly  unchanged 
during  starvation.  The  investigations  of  Zuntz,  Lehmann,  and  others  l 
on  Cetti  showed  on  the  third  and  sixth  days  of  starvation  an  average 
consumption  of  4.65  c.  c.  oxygen  per  kilo  in  one  minute,  and  on  the  ninth 
to  eleventh  day  an  average  of  4.73  c.  c.  The  calories,  as  a  measure  of  the 
metabolism,  fell  on  the  first  to  fifth  day  of  starvation  from  1850  to  1600 
calories,  or  from  32.4  to  30  per  kilo,  and  it  remained  nearly  unchanged, 
if  referred  to  the  unit  of  body  weight.' 

The  extent  of  the  metabolism  of  proteids,  or  the  elimination  of  nitrogen 
by  the  urine,  which  is  a  measure  of  the  same,  diminishes  as  the  weight  of 
the  body  diminishes.  This  decrease  is  not  regular  or  the  same  during 
the  entire  period  of  starvation,  and  the  extent  depends,  as  the  experiments 
made  upon  carnivora  have  shown,  upon  several  circumstances. '  During 
the  first  few  days  of  starvation  the  excretion  of  nitrogen  is  greatest,  and 
the  richer  the  body  is  in  proteid,  due  to  the  food  previously  taken,  the 
greater  is  the  proteid  catabolism  or  the  nitrogen  elimination,  according 
to  Vorr.  The  nitrogen  elimination  diminishes  the  more  rapidly — that  is, 
the  curve  of  the  decrease  is  more  sudden — the  richer  in  proteids  the  food 
was  which  was  taken  before  starvation.  This  condition  is  apparent  from 
the  following  table  of  data  of  three  different  starvation  experiments  made 
by  Voit  •  on  the  same  dog.  This  dog  received  2500  grams  of  meat  daily 
before  the  first  series  of  experiments,  1500  grams  of  meat  daily  before 
the  second  series,  and  a  mixed  diet  relatively  poor  in  nitrogen  before  the 
third  series. 

Day  of  Starvation.  <£™mI8  of  Urea  Eliminated  in  Twenty-four  Hours. 

D6T.  1.  S6f.  II*  B6T.  III. 

First 60.1  26.5  13.8 

Second 24.9  18.6  11.5 

Third 19.1  15.7  10.2 

Fourth 17.3  14.9  12.2 

Fifth 12.3  14.8  12.1 

Sixth 13.3  12.8  12.6 

Seventh 12.5  12.9  11.3 

.                   Eighth 10.1  12.1  10.7 

In  man  and  also  in  animals  sometimes  a  rise  in  the  nitrogen  excretion 
is  observed  about  the  second  or  third  starvation  day,  which  is  then  fol- 

1  Berlin,  klin.  Wochenschr.,  1887. 

1  See  also  Tigerstedt  and  collaborators  in  Skand.  Arch.  f.  Physiol,  7. 

•See  Hermann's  Handbuch,  6,  Thl.  1,  89. 
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i    by  a  regular  diminution.     This   rise   is  explained   by  Prausnitz, 
R8TEDT,  Landergrkv,1  as  follows:     At  the  commencement  of  star- 
m  the  proteid  metabolism  is  reduced  by  the  gjyo  gen  still  present 
in  the  body.     After  the  consumption  of  the  glycogen,  which  takes  pli 
gTcat  part  during  the  first  days  of  starvation,  the  destruction  of  proteids 
increases  as  the  glycogen  action  decreases,  and  then  decreases  again  when 
become  poorer  in  available  proteids. 
Oth Bf  OOodiUonB,  such  as  varying  quantities  of  fat  in  the  body,  have 
an  influence  on  the  rapidity  with  which  the  nitrogen  is  eliminated  during 
the  first  daya  of  starvation.     After  the  first  few  days  of  starvation  the 
elimination  oi  nitrogen  is  more  uniform.     It  may  diminish  gradually  awl 
regularly  until  the  dentil  of  the  animals  or  there  may  be  a  rise  in  the  last 
days,   a  so-called  ante-mortem  increase.     Whether  the  one   or    . 

spends  upon  the  relationship  between  the  proteid   and  fat  content 

of  the  be 

Like  the  destruction  of  proteids  during  starvation,  the  decomposition 
of  fat  proceeds  unintemxpl  reateet  part  <>f  ies  needed 

during  starvation   are  supplied  by   the  fats.     According  to   RuBNZB  and 
Voit  the  proteid  ratabnlism  varies  only  slightly  in  starving  animals  at 
rest  and  at  an  average  temperature,  and  forma  a  constant  porti 
total  exchange  of  energy;  of  the  total  calories  in  dogs  10-16  per  cent  comes 
from  the  proteid  decomposition  and  84-90  per  cent  from  the  fat-      1 
at  least  true  for  starving  animals  which  had  a  sufficiently  great  original 
fat  enntent.     If  on  account  of  starvation  the  animal  has  bee 
poorer  in  fat  and  the  fat  content  of  the  body  has  fallen  below  a  certain 
limit,  then  in  order  to  supply  the  calories  necessary  a  larger  quant: 
proteid  is  destroyed  and  the  ante-mortem  increase  now  occurs  (E.  Voit1). 

Since  the  fat  has  a  diminishing  influence  on  the  destruction  of  pn 
corresponding  to  what  was  said  above,  the  elimination  of  nitrogen  in  star- 
vation is  less  in  fat  than  in  lean  individuals.  For  instance,  oulv  9  grams 
of  lire  a  wen1  voided  in  twenty-four  hours  during  the  later  stages  of  starva- 
tion by  a  well-nourished  and  fat  person  suffering  from  disease  of  the  brain, 
while  I  .Mink  found  that  20-20  grams  urea  were  voided  daily  by  Cetti.' 
who  had  been  poorly  aanriahed 

The  investigations  on  the  exchange  of  gas  in  starvation  have  shown,  II 
previously  mentioned,  that  the  absolute  extent  of  t  fa  dirn:i 

but  that  when  the  consumption  of  oxygen  and  elimination  of  carbon  diox- 

•  Praiianitz,  Zaftaofar,  f.  Riologie,  29;  Tigoretedt  aud  collaborators,  1.  e. ;  Lander* 
gren,  "  I'nderaokningar  ofver  menniakana  aggliviteoimattuing.  Inaug.-Diss.  Stock- 
holm, 1902. 

'  Zeitachr.  f.  Biologie,  41,  167  and  502.  See  also  Kaufmann,  ibid,  and  X.  Schulx. 
Hid.,  and  Pfluger's  Arch.,  "6. 

•  Herl.  klin.  Wochcnschr..  18 
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ide  are  calculated  on  the  unit  of  weight  of  the  body,  1  kilo,  this  quantity 
quickly  sinks  to  a  minimum  and  then  remains  unchanged,  or,  on  the  ooDr 
tinuation  of  the  starvation,  may  actually  rise.  It  is  a  well  Id 
fact  that  the  body  temperature  of  starving  animals  remains  nearly  con- 
stunt,  without  showing  any  appreciable  decrease,  during  the  greater  ]>art 
of  the  starvation  period.  The  temperature  of  the  animal  first  sinks  a  few 
days  before  death,  and  death  occurs  at  alxml  33-30L  ' '. 

From  what  has  been  said  about  the  respiratory  quotient  it  follows  that 
starvation  it  is  about  the  same  as  with  fat  and  meat  exclusively  as  i 
i.e.,  approximately  0.7.    Thus  is  often  the  case,  but  it  may  occasionally  be 
i .  0.65-0*60,  as  observed  in  the  cases  of  Cetti  and  Sued.     As  explana- 
For  this  unexpected  behavior  one  must  admit  of  a  storage  of  nn 
plctely  oxidized  subsl  the  body  during  starvation. 

masses  uninterruptedly  from  the  body  in  starvation  even  when 
none  is  taken.  If  the  quantity  of  water  in  the  tissues  rich  in  proteids  is 
dered  as  7D-80  pel  cent,  and  the  quantity  of  proteids  in  the  same 
20  per  cent,  then  for  each  gram  of  ptoteid  destroyed  aliout  4  grams  of 
water  is  set  free.  This  liberation  of  water  from  the  tissues  is  generally 
sufficient  to  supply  the  loa  of  water  and  starvation  Is  ordinarily  not  accom- 
panied with  thint.    Starving  animals,  as  a  rule,  do  not  partake  of  water. 

The  loss  of  uliited  on  the  percentage  of  the  total  organism  must 

naturall]  be  essential^  dependent  upon  the  prenone  amount  of  tattj  tissue  la 
the  body.     If  we  bear  these  conditions  in  mind,  then  it  seems,  according 

t.inv.k,'   that,   i  ■<  riments  ujxm  white  mice,  the  animal  body  is  poorer  in 

i  during  inanition.     The  body  loses  more  water  than  is  set  free  by  the  de- 
struction of  the  tissues. 

The  mineral  substances  leave  the  body  uninterruptedly  in  starvation 
until  death,  and  the  influence  of  the  destruction  of  tissues  Is  plainly  per- 
.•ir  elimination.  Because  of  the  destruction  of  tissues  rich  in 
potassium  the  proportion  between  potassium  and  sodium  in  the  urine 
changes  in  starvation,  so  that,  contrary  to  the  normal  conditions,  the 
potassium  Is  eliminated  in  proportionately  greater  quantities.  Hum 
observed  in  Cbttt'S1  case  a  relative  increase  in  the  phosphoric  acid  and 
he  urine  during  starvation,  which  was  due  to  an  increased 
exchange  of  bone-substam 

Contrary  to  the  shove  BtaxuNox  with  starving  white  mice  and  Katstttama  • 
with  starving  rabbits  found  a  greater  excretion  of  sodium  than  potassium. 

The  question  as  to  the  participation  of  the  different  organs  in  the  loss 
of  weight  of  the  body  during  starvation  is  of  special  interest.    Tn  elucida- 


*  Arch,  dca  science.*  biol.  do  St  Pdterebourg,  5. 

I  L.  c. 

1  Bohtlingk,  1.  c;   Katsttyama,  Zeitschr.  f,  physiol  Chem.,  26. 
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tion  of  this  point  we  give  the  following  results  of  Chossat's  experiment 
on  pigeons,  and  those  of  Voit  l  on  a  male  cat.    The  results  are  percent 
of  weight  U>st  from  tin;  original  weight  of  the  organ. 


Pigeon  (Cbomat).      Mils  Cat  (Voir). 


97  per  cent 


Adipose  tissue. 93  per  cent. 

BplMO 71    "      " 

Rmcreaa <>4   •'     " 

Liver 52  "     •' 

Heart 15   "      »' 

Intestine 42  *«      " 

oka 42   "     " 

Testicle* — 

Skin 33  "  " 

Kidneys .12  "  ■' 

LungB 22  '  " 

Bone*. i:  •  " 

Nervous  system. 2  "  " 

The  total  quantity  of  blood,  as  well  as  the  quantity  of  soli. Is  contains 
therein,  decreases,  as  PANUMand  others*  have  shown,  in  the  san 
tion  aj  the  weight  of  the  body.     The  statements  in  regard  to  the  las 
of  water  bjr  different  organ  an  somewhat  contradictory;  accord; 
L'  k  i  wow  '  it  seems  that  the  various  organs  act  somewhat  differed 
tli is  respect. 

above-tabulated  results  cannot  serve  as  a  measure  of  the  mcui><- 
lism  in  the  various  organs  during  starvation.     Fur  instance 
system  shows  only  a  small  loss  of  weight  as  compared  with  the  ot!  i 
but  fnmi  this  it  must  not  be  concluded  that  the  exchange  of  material  b 
HJltem  of  organs  Is  least  active.     The  condition  may  be  quite  «IifT 
for  one  organ  may  derive  its  nutriment  during  starvation  from  some 
organ  and  exist  at  its  expense.    A  positive  conclusion  cannot  be  drawn  in 
regard  to  the  l  in  an  organ  from  the  loss  of  weight 

Of  that  organ  in  starvation.     Death  by  starvation  is  not  the  result .  I 
of  all  the  organs  of  the  body,  but  it  depends  more  likely  upon  the  disturb- 
ance in  the  nutrition  of  a  few  less  vitally  important  organs  (E.  Von 

The  knowledge  of  iSsnx  during  starvation  is  of  the  greatest  im- 

portance in  the  study  of  nutrition;  and  it  forms  to  a  certain  exte:i 

i  ig  -point  for  the  study  of  metabolism  under  different  ph  ;1  and 

pathological  condition  To  a  >  the  question  whether  the  metabolism 
of  a  person  in  a  special  case  Is  abnormally  increased  or  diminished  it » 
naturally  very  important  to  know  the  average  extent  of  metabolism 
healthy  person  under  the  same  circumstances,  for  comparison.  This  quan- 
tity can  be  called  the  abstinent  value,  that  is,  the  extent  of  metabolism 
lute  bodily  rest  and  inactivity  of  the  intestinal  trad 

ited  from  Voit  in  Hermann's  Handbuch,  6,  Part  I.  9o  and  97. 
ram,  Vircbou  '8  Arch..  20;  Loudon,  Arch.  d.  scienc.  uiol.  dc  SL  Pitersbourg,  4 
•Zeitwhr.  f.  pbysbL  Cbem,,  13. 
4  Zettedhr,  f.  Mologie,  41. 
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a  measure  of  this  quantity  we  determine,  according  to  Geppert-Zuntz,  the 
extent  of  gaseous  exchange,  and  especially  the  consumption  of  oxygen,  of  a 
person  lying  down,  best  sleeping,  in  the  early  morning  and  at  least  twelve 
hours  after  a  light  meal  not  rich  in  carbohydrates.  The  gas  volume 
reduced  to  0°  C.  and  760  mm.  Hg  pressure  is  calculated  on  1  kilo  of  body 
weight  and  for  one  minute  The  results  vary  between  3  and  4.5  for  the 
consumption  of  oxygen,  and  between  2.5  and  3.5  c.  c.  for  the  carbon  diox- 
ide. As  average  3.81  c.  c.  oxygen  and  3.08  c.  c.  carbon  dioxide  are  usu- 
ally given.1 

The  extent  of  proteid  destruction  cannot  be  determined  in  transient 
experiments,  and  for  these  reasons  only  the  values  found  after  several  days 
of  starvation  are  useful.  In  the  starvation  experiments  on  Cetti  and 
Succi  the  elimination  of  nitrogen  per  kilo  on  the  fifth  to  the  tenth  starvation 
day  was  0.150-0.202  gram  N.  In  a  recent  starvation  experiment  made 
by  E.  and  O.  Freund  3  upon  Succi  the  nitrogen  excretion  on  the  twenty- 
first  day  sank  to  2.82  grams  N.  The  portion  of  the  urea  nitrogen  of  the 
total  nitrogen  sank  from  85-89  per  cent  on  the  first  days  of  starvation 
to  73  per  cent  on  the  fifteenth  day  and  56-54  per  cent  on  the  day  before 
the  last  day  of  starvation.  None  of  the  other  nitrogenous  constituents 
examined  increased  to  the  same  extent  as  the  urea  decreased.  The 
amount  of  neutral  sulphur  rose  from  10  to  40  per  cent  of  the  total  sulphur. 

ELI.  Metabolism  with  Inadequate  Nutrition. 

The  food  may  be  quantitatively  insufficient,  and  the  final  result  is 
absolute  inanition.  The  food  may  also  be  qualitatively  insufficient  or,  as 
we  say,  inadequate.  This  occurs  when  any  of  the  necessary  nutritive 
bodies  are  absent  in  the  food,  while  the  others  occur  in  sufficient  or  perhaps 
even  in  excessive  amounts. 

Lack  of  Water  in  the  Food.  The  quantity  of  water  in  the  organism  is 
greatest  during  fcetal  life,  and  then  decreases  with  increasing  age.  Natu- 
rally, the  quantity  differs  in  various  organs.  The  tissue  in  the  body  being 
poorest  in  water  is  the  enamel,  which  is  almost  free,  containing  only  2  p.  m. 
water,  the  teeth  about  100  p.  m.,  the  fatty  tissues  60-120  p.  m.  The  bones, 
with  140-440  p.  m.,  and  the  cartilage,  with  540-740  p.  m.,  are  somewhat 
richer  in  water,  while  the  muscles,  blood,  and  glands,  with  750  to  more  than 
800  p.  m.,  are  still  richer.  The  quantity  of  water  is  even  greater  in  the 
animal  fluids  (see  preceding  chapter),  and  the  adult  body  contains  in  all 
about  630  p.  m.  water.8  If  it  is  borne  in  mind  that  two  thirds  of  the  animal 
organism  consists  of  water;  that  water  is  of  the  very  greatest  importance 
in  the  normal,  physical  composition  of  the  tissues;  moreover  that  all  flow 

1  See  v.  Noorden,  Lehrbuch  der  Pathologic  des  Stoffwechsel,  Berlin,  1893,  94. 

5  Wien.  klin.  Rundschau,  1901,  Nos.  5  and  6. 

*  See  Voit  in  Hermann's  Handbuch,  0,  Tl.  I,  345 
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of  juices,  all  exchange  of  substance,  all  supply  of  nutrition,  all  increase  or 

destruction,  and  all  discharge  of  the  products  of  destruction,  are  dcpend- 

UpOD  the  presence  of  water;   and,  in  addition,  that  by  its  evaporation 

it  L-  an  important  regulator  of  the  temperature  of  the  body,  we  pot 

that  water  must  be  necessary  for  life.     If  the  loss  of  water  be  not  replaced 

supplies  sooner  or  later,  the  organism  succumbs  and  death  may 

ier  with  lack  of  water  than  with  complete  inanition  (Landaum, 

Ni-IIIWANO). 

If  the  water  is  abstracted  for  a  certain  time,  as  Landauer  and  especially 
W.  Straus  have  shown,  it  has  an  accelerating  influence  upon  the  d< 
position   of   proteid.     This   inerni-ed   metabolism   has,   according   bo   1-a.v 
DAHIB,  the  purpose  of  replacing  a  part  of  the  water  abstracted  (because 
of  the  increased  metabolism).     The  abstraction  of  water  for  a  short  time 

according  bo  BW1  especially  in  man,  cause  a  diminution  i 

proteid  metabolism  by   means  of  a  reduced  proteid  shBQipl 

of  M n«ral  Substances  in  the  Food.    In  a  previous  chapter  atten- 
tion was  called    in  several   instances   to  the  importance  of  the  mineral 
ad  also  to  'he  occurrence  of  certain   mineral  substances  in   certain 
amounts  in  the  various  organs.      The   mineral  content 
fluids  is  not.  wry  great  as  a  rule.     With  the  exception  of  the  ske 
which  contain^  about  220  p.  m.  mineral  bodies  (Volkmann  j),  the  animal 
fluids  or  tissues  are  poor  in  inorganic  constituent*,  and   the  quant 
such  amounts,  as  a  rule,  only  to  about  10  p.  m.    Of  the  total  quanta 
minora!  .-ul»>tances  in  the  organism,  the  greatest  part  occurs  in  the  ikst 
830  p.  m.,  and  the  next  greatest  to  the  muscles,  about  100  p.  m   (VbUC* 

MANN). 

The  mineral  bodies  seem  to  be  partly  dissolved  in  the  fluids  and 
combined  with  organic  substances.     In  accordance  With  •  organism 

persistently  retains,  with  food  poor  in  salts,  a  part  of  the  mineral  sub- 
stances, also  such  as  arc  soluble,  as  the  chlorides.  On  the  burn: 
organic,  substances  the.  mineral  bodies  combined  therewith  are  set  free  and 
may  be  eliminated.  It  is  also  admitted  that  they  in  part  combine  with 
the  new  products  of  the  combustion,  and  in  part  with  organic  nutritive 
bodies  poor  in  salts  or  n«-aily  -ak-freo.  which  are  absorbed  from  the  iutts- 
linal  canal  and  are  thus  retained  (Von,  Fokstkk'). 

If  this  statement  is  correct,  it  is  possible  that  a  constant   supp! 
mineral  i  h  the  food  is  not  absolutely  necessary,  and  thai 

amount  of  inorganic  bodies  which  must  be  administered  is  insi 


1  landauer,  Maly'a  Jahrcsber..  21;  Nothwang,  Arch.  f.  Hygiene,  1892;  Straob, 
Zeitechr.  f.  Ilu.h-i.-,  ."{7  miA  B8j    Spiegler,  ibid.,  10. 

•See  Voit  in  Hermann's  Hondbuch,  fi.  Part  1,  353. 

'  Foreter,  Zeitechr.  f.  Biologie,  0.  See  also  Voit  in  Hermann's  Handbuch.  <> 
Part  1,  3M. 
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The  question  whether  this  be  so  or  not  has  not,  especially  in  man,  been 
sufficiently  investigated;  but  generally  we  consider  the  need  of  mineral 
substances  by  man  as  very  small.  It  may,  however,  be  assumed  that  man 
usually  takes  with  his  food  a  considerable  excess  of  mineral  substances. 

Experiments  to  determine  the  action  of  an  insufficient  supply  of  mineral 
substances  with  the  food  in  animals  have  been  made  by  several  investi- 
gators, especially  Forster.  He  observed,  on  experimenting  with  dogs  and 
pigeons  with  food  as  poor  as  possible  in  mineral  substances,  that  a  very  sug- 
gestive disturbance  of  the  functions  of  the  organs,  particularly  the  muscles 
and  the  nervous  system,  appeared,  and  that  death  resulted  in  a  short  time, 
earlier  in  fact  than  in  complete  starvation.  In  opposition  to  these  obser- 
vations Bunge  has  suggested  that  the  early  death  in  these  cases  was  not 
caused  by  the  lack  of  mineral  salts,  but  more  likely  by  the  lack  of  bases 
necessary  to  neutralize  the  sulphuric  acid  formed  in  the  combustion  of  the 
proteids  in  the  organism;  these  bases  must  then  be  taken  from  the  tissues. 
In  accordance  with  this  view,  Bunge  and  Lunin  x  also  found,  in  experiment- 
ing with  mice,  that  animals  which  received  nearly  ash-free  food  with  the 
addition  of  sodium  carbonate  were  kept  alive  twice  as  long  as  those  which 
had  the  same  food  without  the  sodium  carbonate.  Special  experiments  also 
show  that  the  carbonate  cannot  be  replaced  by  an  equivalent  amount  of 
sodium  chloride,  and  that  to  all  appearances  it  acts  by  combining  with  the 
acids  formed  in  the  body.  The  addition  of  alkali  carbonate  to  the  other- 
wise nearly  ash-free  food  may  indeed  delay  death,  but  cannot  prevent  itr 
and  even  in  the  presence  of  the  necessary  amount  of  bases  death  results 
for  lack  of  mineral  substances  in  the  food. 

In  the  above  series  of  experiments  made  by  Bunge  the  food  of  the 
animal  consisted  of  casein,  milk-fat,  and  cane-sugar.  While  milk  alone 
was  an  adequate  and  sufficient  food  for  the  animal,  Bunge  found  that  the 
animal  could  not  be  kept  alive  longer  by  food  consisting  of  the  above  con- 
stituents of  milk  and  cane-sugar  with  the  addition  of  all  the  mineral  sub- 
stances of  milk  than  with  the  food  mentioned  in  the  above  experiments 
with  the  addition  of  alkali  carbonate.  The  question  whether  this  result 
is  to  be  explained  by  the  fact  that  the  mineral  bodies  of  milk  are  chem- 
ically combined  with  the  organic  constituents  of  the  same  and  can  be  assim- 
ilated only  in  such  combinations,  or  whether  it  depends  on  other  condi- 
tions, Bunge  leaves  undecided.  These  observations,  however,  show  how 
difficult  it  is  to  draw  positive  conclusions  from  experiments  made  thus 
far  with  food  poor  in  salts.  Further  investigations  on  this  subject  seem 
to  be  necessary. 

With  an  insufficient  supply  of  chlorides  with  the  food  the  elimination 
of  chlorine  by  the  urine  decreases  constantly,  and  at  last  it   may  stop 

'Bunge,  Lehrbuch  der  physiol.  Chem.,  4.  Aufl.,  97;  Lunin,  Zeitechr.  f.  physiol. 
Chem.,  5. 
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entirely,  while  the  tissues  still  persistently  retain  the  chlorides.    It  has 

-  \y  been  stated  (Chapter  I  Y>  how  chloride  starvation  influences  other 

functions,  especially  the  secretioD  of  gastric  juice.    If  there  be  a  lack  ol 

Ifl  compared   with   potassium,  or  if  there  be  an  excess  of  pot&s* 

Lodfl  in  any  Other  tons  than  KG,  the  potasshim  combinations 

are  replaced  in  the  organism  by  Nad,  so  that  new  im  and  sodium 

tpoundfl  arc  produced  Which  are  voided  with  the  urine.     The  organism 

uies  poorer  in  NaCl,  which  therefore  must  be  taken  iii  greater  amounts 

from  the  outside  (BuNGl).     This  occurs  habitually  in  herbivora,  and  in 

man  with  vegetable  food  rich  in  potash.     Fbl  human  beings,  and  especially 

for  the  poorer  classes  of  people  WOO  live  chiefly  on  potatoes  and  foods 

rich  in  potash,  common  salt  is,  under  these  circumstances,  not  only  a  cod- 

i;  but  B  i  •  ■■•essary  addition  to  the  food  (Hunge  '). 

Lack  of  Alkali  Carbonates  or  liases  in  Ou  Food.     The  chemical  processes 

in  Hie  oi  dent  upon  I  •  a  cer- 

reactlon,  and  this  reaction,  which  is  habitually  alkaline  to  v.  an  Is  litmus 

an  1    neutral    towards   phenolphthalein,   Ls   chiefly  due   to   the   presence  of 

alkali  carbonates  and  carbon  dioxide.     The  alkali  carbonates  are  also  oi 

great  importance  not  only  as  a  solvent  for  certain  proteid  bodies  and  as 

lituonts  of  certain  secretions,  such  as  the  pancreatic  and  intestinal 

,  but  they  are  also  a  means  of  transportation  of  the  carbon  dj 

in  the  blood.     It   is  therefore  easy  to  understand  that  a  decrease  below 

a  certain  point  in  the  quantity  of  alkali  carbonate  must  endanger  life 

a  decrease  not  only  occurs  with  lack  of  bases  in  the  food  which  socderatei 

death  by  a  relatively  great  production  of  acids  through  the  burning  of  the 

pTOteids,  but  it  also  occurs  when  an  animal  is  given  dilute  mineral  a< 

a  period.     In  herbivora  the  fixed  alkalies  of  the  tissues  combine  with  the 

mineral  acids,  and  the  animal  succumbs  in  a  short   time.     In  carnivon 

(and  in  man)  the  bases  of  the  tissues  are  obstinately  retained;   the  mineral 

acids  unite  with  the  ammonia  produced  by  the  decomf  of  the  pro- 

teids  or  their  cleavage  products,  and  caniivora  can  therefore  be  kept  alive 

for  a  longer  time. 

Lack  of  Phospkatcs  and  Earths.  With  the  exception  of  the  importance 
of  the  alkaline  earths  as  carbonates  and  more  especially  as  phospha 
the  physical  composition  of  certain  structures,  such  as  the  bones  and  teeth. 
their  physiological  importance  is  nearly  unknown.  Nothing  is  known 
v  in  regard  to  the  need  in  adults  of  phosphates  in  the  food.  In 
on  rats  with  food  free  from  phosphorus  GevjErts  J  found  ft 
diminution  in  the  phosphorus  excretion  to  fo  of  the  quanity  excrete*!  dar- 
ing complete  inanition.  The  relationship  of  P:N  changes  also  from  1:10 
to  1 :  100  and  even  still  more.    In  order  to  contain  sufficient  carton  tnd 

»  Zeitechr.  f .  Hiologie.  8. 

'  Diete  sans  phosphore,  La  Cellule,  18. 
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nitrogen  with  the  food  man  takes  at  least  ten  times  as  much  phosphorus 
as  is  absolutely  necessary  (GevjErts).  In  young,  growing  animals  the 
conditions  are  necessarily  different  and  of  special  interest  in  them  is  the 
question  of  the  action  of  an  insufficient  supply  of  earthy  phosphates  and 
alkaline  earths  upon  the  bone  tissue.  This  action  as  well  as  the  various 
results  which  have  been  obtained  by  experiments  on  young  and  old  ani- 
mals, has  already  been  given  in  a  previous  chapter  (X). 

Another  important  question  is,  How  far  do  the  phosphates  take  part  in 
the  construction  of  the  phosphorized  constituents  of  the  body  or  to  what 
extent  are  they  necessary?  The  experiments  of  Rohmann  and  his  pupils ' 
with  phosphorized  (casein,  vitellin)  and  non-phosphorized  proteids  (edes- 
tin)  and  phosphates  show  that  with  the  introduction  of  casein  and  vitellin 
a  deposition  of  nitrogen  and  phosphorus  takes  place,  while  with  non- 
phosphorized  proteid  and  phosphates  this  does  not  seem  to  occur.  The 
body  apparently  does  not  have  the  power  of  building  up  the  phosphorized 
cell  constituents  necessary  for  cell-life  from  non-phosphorized  proteids 
and  phosphates.  On  the  contrary,  according  to  the  observations  of  several 
investigators  the  lecithins  seem  to  possess  this  power. 

Lack  of  Iron.  As  iron  is  an  integral  constituent  of  haemoglobin,  abso- 
lutely necessary  for  the  introduction  of  oxygen,  just  so  is  it  an  indispensable 
constituent  of  food.  Iron  is  a  never-failing  constituent  of  the  nucleins 
and  nucleoproteids,  and  herein  lies  also  another  reason  for  the  necessity 
of  the  introduction  of  iron.  Iron  is  also  of  great  importance  for  the 
action  of  certain  enzymes,  the  oxidases.  In  iron  starvation  iron  is  con- 
tinually eliminated,  even  though  in  diminished  amounts;  and  with  an 
insufficient  supply  of  iron  with  the  food  the  formation  of  haemoglobin 
decreases.  The  formation  of  haemoglobin  is  not  only  enhanced  by  the 
supply  of  organic  iron,  but  also,  according  to  the  general  view,  by 
inorganic  iron  preparations.  The  various  divergent  statements  on  this 
question  have  already  been  given  in  a  previous  chapter  (on  the 
blood). 

In  the  absence  of  protein  bodies  in  the  food  the  organism  must  nourish 
itself  by  its  own  protein  substances,  and  with  such  nutrition  it  must  sooner 
or  later  succumb.  By  the  exclusive  administration  of  fat  and  carbohy- 
drates the  consumption  of  proteids  in  these  cases  is  very  considerably 
reduced.  According  to  the  doctrine  of  C.  Voit,  which  has  been  defended 
by  recent  investigations  of  E.  Voit  and  Korkunoff,3  the  proteid  metab- 
olism is  never  so  slight  under  these  conditions  as  in  starvation.  Accord- 
ing to  several  investigators,  such  as  Hirschfeld,  Kumagawa,  Klem- 
perer,  Siven,  Landergren,8  and  others,  the  proteid  metabolism  may 

1  See  Marcuse,  Pfluger's  Arch.,  67,  and  foot-note  1,  page  620. 

'Zeitschr.  f.  Biologie,  82. 

*  Hirechfeld,  Virchow'a  Arch.,  114;  Kumagawa,  ibid.,  116;   Klemperer,  Zeitschr. 
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indeed,  with  exclusively  fat  and  carbohydrate  diet,  be  smaller  than  in 
let*  starvation.  Thus  Lakdergren  lias  observed  on  an  adult 
healthy  man  in  nitrogen  starvation  but  with  sufficient  supply  of  energy 
(about  40  calories  per  1  kilo  as  carbohydrates  and  fat)  on  the  fourth  star- 
vation day  that  the  nitrogen  excretion  was  not  more  than  4  grams.  On 
i  oventh  day,  with  only  carbohydrates,  the  nitrogen  excretion  sank  to 
3.34  grams,  which  corresponded  to  0.047  gram  N  per  kilo  of  bl- 
and to  0.29  gram  proteid. 

The  absence  of  fats  and  carbohydrates  in  the  food  affect  carnivora  and 
herbivoru  somewhat  differently.       It  is  not  known  whether  carnivora  can 
be  kept  alive  for  any  length  of  time  by  food  entirety  free  from  fat  and  carbo- 
hydrates.1   But  it  has  been  positively  rated  that  they  can  be  kept 
alive  a  long  time  by  feeding  exclusively  witli  meat  freed  as  much  as  p< 
from  visible  fat  (Pku'iikh2).      Human  beings  and  herbivora,  on  the  con- 
trary, cannot  live  for  any  length  of  time  on  such  food.     On  one  side  they 
lose  the  property  of  digesting  and  assimilating  the  necessarily  large  am 
of  meat,  and  on  the  other  a  distaste  for  large  quantities  of  meat  or  pr< 
soon  appears. 

A  question  of  greater  importance  is  whether  it  is  possible  to  maintain 
life  in  an  animal  for  any  length  of  time  with  a  mixture  of  simple  organic 
and  inorganic  foodstuffs.     Tins  was  not  possible  in  the  experiment 
Bunge  and  Lunin,  cited  above.     Recent  investigators,  such  as  Hall  and 

itz,  arrived  at  somewhat  better  results;    and  Rofimakx  *  ha> 
more  recently  arrived  at  still  more  conclusive  results.     He  used  mice  in 

<:periments,  and  fed  them  with  a  mixture  of  casein,  white  of  egg,  \ 
lin,  potato-starch,  wheat-starch,  margarine,  and  Baits.  With  this  diet 
animals  maintained  their  body  weight  and  brought  forth  young.  'I 
latter  could  not  be  raised  on  artificial  food.  A  better  result  was  obi 
by  addin  malt  to  the  food.    It  was  also  possible  to  further 

with  artificial  food  to  maturity,  mice  which  had   been    formed  and  born 
with  artificial  food.     These  mice  remained  somewhat  smaller  than  the 
mal,  and  no  living  young  could  be  obtained  from  them.    If  we  ev 
the  fact  that  the  foodstuffs  fed  were  not  all  simple  (white  of  egg,  malt),  pure 
foods  it  seems  as  if  artificial  mixtures  of  food  are  sufficient  to  maintain  at 
least  an  adult  animal  for  a  long  time,  while  it  is  not  quite  sufficient 
the  development  of  a  young  animal. 


f   klm.  Med.,  18;  Sivi'-n,  Skand.  Arch   f.  Physiol..  10  and  11;  Landergreo.  I.  c;  foot- 
note 1,  page  030.     See  also  Maly's  Jahresber.,  32. 
nrak&i  M.ily's  Jahresber.,  31,  71.V 

'Pfliiger's  Arch.,50. 

•Hall,  Arch.  f.  (Anat.  u.)  Physiol.,  1896;  Steinitr,  ttbar  Vereuche  mit  kunsl 
Ernahrung,  Inaug.-Diss.,  Brealau,  1900;    Rohmann,  Klin,  therap.  Wochanschr 
No  40. 
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TV.  Metabolism  with  Various  Foods. 

For  the  carnivore,  as  above  stated,  meat  as  poor  as  possible  in  fat  may 
be  a  complete  and  sufficient  food.  As  the  proteids  moreover  take  a  special 
place  among  the  organic  nutritive  bodies  by  the  quantity  of  nitrogen  they 
contain,  it  is  proper  that  we  first  describe  the  metabolism  with  an  exclu- 
sively meat  diet. 

Metabolism  with  food  rich  in  proteids,  or  feeding  only  with  meat  as 
poor  in  fat  as  possible. 

By  an  increased  supply  of  proteids  their  catabolism  and  the  elimina- 
tion of  nitrogen  is  increased,  and  this  in  proportion  to  the  supply  of  proteids. 

If  a  certain  quantity  of  meat  has  been  given  to  carnivora  as  food  daily 
and  the  quantity  is  suddenly  increased,  an  augmented  catabolism  of  pro- 
teids, or  an  increase  in  the  quantity  of  nitrogen  eliminated,  is  the  result. 
If  the  animal  is  fed  daily  for  a  certain  time  with  larger  quantities  of 
the  same  meat,  a  part  of  the  proteids  accumulates  in  the  body,  but  this 
part  decreases  from  day  to  day,  while  there  is  a  corresponding  daily  in- 
crease in  the  elimination  of  nitrogen.  In  this  way  a  nitrogenous  equi- 
librium is  established;  that  is,  the  total  quantity  of  nitrogen  eliminated  is 
equal  to  the  quantity  of  nitrogen  in  the  absorbed  proteids  or  meat.  If, 
on  the  contrary,  an  animal  which  is  in  nitrogenous  equilibrium,  having 
been  fed  on  large  quantities  of  meat,  is  suddenly  given  a  small  quantity 
of  meat  per  day,  then  the  animal  uses  up  its  own  body  proteids,  the 
amount  decreasing  from  day  to  day.  The  elimination  of  nitrogen  and 
the  catabolism  of  proteids  decrease  constantly,  and  the  animal  may  in 
this  case  also  pass  into  nitrogenous  equilibrium,  or  nearly  into  this  con- 
dition.   These  relations  are  illustrated  by  the  following  table  (Vorr  *) : 

Grama  of  Meat  in  the  Food  per  Day. 


1 

Before  the  Test. 
500 

Duri 

ing  the  Test. 
1500 

2 

1500 

1000 

Grams  of  Flesh  Metabolised  in  Body  per  Day. 

1 
1222 
1153 

2                       3                       4                      5 
1310             1390             1410             1440 
1086             1088             1080             1027 

6 
1450 

7 
1500 

In  the  first  case  (1)  the  metabolism  of  meat  before  the  beginning  of  the 
actual  experiment  on  feeding  with  500  grams  of  meat  was  447  grams,  and  it 
increased  considerably  on  the  first  day  of  the  experiment,  after  feeding  with 
1500  grams  of  meat.  In  the  second  case  (2),  in  which  the  animal  was  pre- 
viously in  nitrogenous  equilibrium  with  1500  grams  of  meat,  the  metab- 
olism of  flesh  on  the  first  day  of  the  experiment,  with  only  1000  grams 
meat,  decreased  considerably,  and  on  the  fifth  day  nearly  a  nitrogenous 

1  Hermann's  Handbuch,  6,  Part  I,  110. 
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equilibrium  was  obtained.  During  this  time  the  animal  gave  up  daily 
some  of  its  own  proteids.  Between  that  point  below  which  the  animal 
loses  from  its  own  weight  and  the  maximum,  which  seems  to  be  depend- 
ent upon  the  digestive  and  assimilative  capacity  of  the  intestinal  canal,  a 
carnivora  may  be  kept  in  nitrogenous  equilibrium  with  varying  quantities 
of  proteids  in  the  food. 

The  supply  of  proteids,  as  well  as  the  proteid  condition  of  the  body, 
affects  the  extent  of  the  proteid  metabolism.  A  body  which  has  become 
rich  in  proteids  by  a  previous  abundant  meat  diet  must,  to  prevent  a  \m 
of  proteids,  take  up  more  proteid  with  the  food  than  a  body  poor  in 
proteid-. 

Pettenkofer  and  Vorr  have  made  investigations  on  the  metabolism 
of  fai  with  an  exclusively  proteid  diet.  These  investigations  have  shown 
that  by  increasing  the  quantity  of  proteids  in  the  food  the  daily  metab- 
olism of  fat  decreases,  and  they  have  drawn  the  conclusion  from  tbe*? 
experiments,  as  detailed  in  Chapter  X,  that  even  a  formation  of  fat 
may  take  place  under  these  circumstances.  The  objections  presented  !>y 
Pfluger  to  these  experiments,  as  well  as  the  proofs  of  the  formation  of 
fat  from  proteids,  are  also  given  in  the  above-mentioned  chapter. 

According  to  Pfluger's  doctrine  the  proteid  can  influence  the  forma- 
tion of  fat  only  in  an  indirect  way,  namely,  in  that  it  is  consumed  instead 
of  the  non-nitrogenous'  bodies  and  hence  the  fat  and  fat-forming  carbo- 
hydrates are  spared.  If  sufficient  proteid  is  introduced  into  the  food  to 
satisfy  the  total  nutritive  requirements,  then  the  decomposition  of  fat 
stops;  and  if  non-nitrogenous  food  is  taken  at  the  same  time,  this  is  not 
consumed,  but  is  stored  up  in  the  animal  body,  the  fats  as  such,  and  the 
carbohydrates  at  least  in  great  part  as  fat. 

Pfluger  defines  the  "nutritive  requirement"  as  the  smallest  quantity 
of  lean  meat  which  produces  nitrogenous  equilibrium  without  causing  any 
decomposition  of  fat  or  carbohydrates.  At  rest  and  at  an  average  temper- 
ature it  is  found  for  dogs  to  be  2.073  to  2.099  grams  of  nitrogen  *  (in  meat 
fed)  per  kilo  of  flesh  weight  (not  body  weight,  as  the  fat,  which  often 
forms  a  considerable  fraction  of  the  weight  of  the  body,  cannot  as  it  were 
be  used  as  dead  measure).  Even  when  the  supply  of  proteid  is  in  excess 
of  the  nutritive  requirements,  Pfluger  has  found  that  the  proteid  metab- 
olism increases  with  an  increased  supply  until  the  limit  of  digestive  power 
is  reached,  which  limit  is  about  2600  grams  of  meat  with  a  dog  weighing 
30  kilos.  In  these  experiments  of  Pfluger's  all  of  the  excess  of  proteid 
introduced  was  not  completely  decomposed,  but  a  part  was  retained  by 
the  body.  Pfluger  therefore  defends  the  proposition  "that  a  supply  of 
proteids  only,  without  fat  or  carbohydrate,  does  not  exclude  a  proteid 
fattening." 

*  See  Schondorff,  Pfluger's  Arch.,  71. 
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From  what  has  been  sa.ii  1  on  proteid  metabolism  in  starvation  and  with. 

exclusive  proteid  food  it  follows  that  the  proteid  catabolism  in  the  animal 

never  stops,  that  the  extent  li  dependent  in  the  first  place  upon  the 

extent  of  proteid  supply,  and  that  the  animal  body  has  the  property,  within 

Wide  limits,  nf  accommodating  the  proteid  catabolism  to  the  proteid  supply. 

These  and  certain  other  peculiarities  of  proteid  catabolism  have 
\  nrr  to  the  vim  that  all  proteids  in  the  body  are  not  decomposed  with 
the  same  ease.  Voit  differentiates  the  proteids  fixed  in  the:  tissue-elements, 
so-called  organize!  proteids,  ti.wue-proteids,  from  those  proteids  which 
circulate  with  the  fluids  in  the  body  ud  its  tissues  and  which  are  taken  up 
by  the  living  cells  of  the  tissues  from  the  interstitial  Quids  washing  them 
and  are  destroyed.  Th-vc  '~:nu!<iliruf  prntri.il*  are,  according  to  Vun,  more 
easily  and  quickly  destroyed  than  the  tissue-proteids.  When,  therefore,  in 
a  fasting  animal  which  has  been  previously  fed  with  meat  an  abundant 
and  quickly  &  decomposition  of  pn  >tcids  takes  place,  wliile  in  the 

further  course  of  starvation  tins  proteid  calalK)lism  becomes  less  and 
more  unifonn,  this  depends  UpOO  the  fact  that  the  supply  of  circulating 
proteid.-  i  fed  chiefly  in  the  first  day  vation  and  the  tissue- 

protcids  in  the  last  days. 

The  tissue-elements  constitute  an  apparatus  of  a  relatively  stable  nature, 
which  have  the  power  of  taking  proteids  from  the  fluids  washing  the  tissues 
and  appropriating  them,  while  their  Own  proteids,  the  tissue-proteids.  are 
ordinarily  catabolized  to  only  a  small  extent,  about  1  percent  daily  (Von  i. 
Bj  an  increased  supply  of  proteids  the  activity-  of  the  cells  and  their  ability 
to  decompose  nutritive  is  also  increased  to  a  certain  degree.    When 

nitrogenous  equilibrium  i    obtained  after  an  increased  supply  of  proteids,  ii 
denotes  that  the  discomposing  power  of  the  cells  for  proteids  has  increased 
so  that  the  same  quantity  of  proteids  is  metabolized  as  is  supplied  to  the 
If  the  proteid  metaboli-  Teased  by  the  simultaneous  admin- 

istration of  other  non-nitrogenous  foods  (see  below),  a  part  of  the  circulat- 
ing proteids  may  have  time  to  become  fixed  and  organized  by  the  tissues, 
and  in  this  way  the  mass  of  the  flesh  of  the  body  increases.  During  stan'a- 
tion or  with  a  lack  of  proteids  in  the  food  the  reverse  takes  place,  for  a  part 
of  the  tiarae  proteids  is  converted  bltO  circulating  proteids  which  are  metab- 
olized, and  in  this  case  the  flesh  of  the  body  decreases. 

Voit's  theory  has  been  severely  criticised  In  Pfluger.  Pfluger's 
statement,  based  on  an  investigation  made  by  one  of  his  pupils,  Schon- 
porff,'  is  that  the  extent  of  proteid  destruction  is  not  dependent  upon 
piantity  of  circulating  proteids,  but  upon  the  nutritive  condition  of 
the  cells  for  the  time  being — a  view  which  is  not  very  contradictory  of 
Voit  if  the  author  does  not  misunderstand  Pfluger.     Voit  '  has,  as  is 

1  Pfluger,  Pflueer's  Arch  ,  .VI;  Sehondorff,  ibid.,  54. 
3  Zeitscbr    f    BtofoKta  II 
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known,  stated  that  the  conditions  for  the  destruction  of  substance*  in 
the  body  exist  in  the  cells,  and  also,  that  the  circulating  proteid,  likewise 
according  to  Voit,  is  first  catabolized  after  having  been  taken  up  by  the 
cells  from  the  fluids  washing  them.  The  point  of  Vorr's  theory  is  that 
all  proteids  arc  not  destroyed  in  the  body  with  the  same  degree  of  readi- 
ness. The  organized  proteid,  which  is  fixed  by  the  cells  and  has  become 
a  part  of  the  same,  is  destroyed  less  readily,  according  to  Voit,  than  the 
id  taken  up  by  the  cells  from  the  nutritive  fluid,  which  serves  as 
material  for  the  chemical  construction  of  the  very  much  more  complicated 
organized  proteids.  This  nutritive  proteid,  which  circulates  with  the 
fluids  before  it  is  taken  up  by  the  cells,  and  which  can  exist  in  store  in 
the  cells  as  well  as  in  the  fluids,  agreeably  to  Vorr's  view,  has  been  called 

F circulating  proteid  or  supply  proteid  by  him.  It  is  dear  that  these  name* 
may  lead  to  misunderstanding,  and  therefore  too  much  stress  should  not 
be  put  upon  them.  The  most  essential  part  of  Vorr's  theory  is  the  suppo- 
sition that  the  food  proteid  of  the  cells  is  more  easily  destroyed  than  the 
organized,  real  protoplasmic  proteid,  and  this  assertion  can  hardly,  for 
the  present,  be  considered  as  refuted  or  exactly  proved. 
This  question  is  intimately  connected  with  another,  namely,  whether 
the  food  proteids  taken  up  by  the  cells  are  metabolized  as  such  or  whether 
they  are  first  organized.  The  investigations  of  Pantjm  and  Falck  '  on 
the  transitory  progress  of  the  elimination  of  urea  after  a  meal  rich  in  pro- 
teids throws  light  on  this  question.  From  experiments  upon  a  dog  it  was 
found  that  the  elimination  of  urea  increases  almost  immediately  after  a 
meal  rich  in  proteids,  and  that  it  reaches  its  maximum  in  about  six  hours, 
when  about  one  half  of  the  quantity  of  nitrogen  corresponding  to  the 
administered  proteids  is  eliminated.  If  we  also  recollect  that,  according 
to  an  experiment  of  Schmidt-Mulheim  a  upon  a  dog,  about  37  per  cent  of 
•  the  given  proteids  are  absorbed  in  the  first  two  hours  after  the  meal  and 
about  59  per  cent  in  the  course  of  the  first  six  hours,  it  may  then  be  inferred 
that  the  increased  elimination  of  nitrogen  after  a  meal  is  due  to  a  catab- 
olization  of  the  digested  and  assimilated  proteids  of  the  food  not  previously 
organized.  If  it  is  admitted  that  the  catabolized  proteid  must  have  been 
organized,  then  the  greatly  increased  elimination  of  nitrogen  after  a 
meal  rich  in  proteids  supposes  a  far  more  rapid  and  comprehensive 
destruction  and  reconstruction  of  the  tissues  than  has  been  generally 
assumed. 

In  this  connection  it  must  be  recalled  that,  according  to  the  very  interest- 


1  Panum,  Nord.  Med.  Arkiv.,  6;  Falck,  see  Hermann's  Handbuch,  •,  Part  1, 107. 
For  further  statements  in  regard  to  the  curve  of  nitrogen  elimination  in  man,  ■& 
Tschenloff,  Korrespond.  Blatt  Schweus.  Aerate,  1896;  Rosemann,  Pfluger's  Aith.,tt, 
and  Veraguth,  Joum.  of  Physiol.,  21;  Schlosse,  Maly's  Jahresber.,  81. 

*Du  Bois-Reymond's  Arch.,  1879. 
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ing  investigations  of  Riazantseff,  substantiated  by  Schepski,  after  par- 
taking of  food  an  increased  nitrogen  elimination  depends  in  part  upon  the 
increased  work  of  the  digestive  glands.  This  follows  from  the  considerably 
increased  nitrogen  elimination  after  so-called  "apparent  feeding"  (see 
Chapter  IX),  but  has  also  been  confirmed  by  Riazantzeff  *  in  other  ways. 
In  close  connection  with  this  stand  the  observations  of  Nencki  and  Zaleski  * 
on  the  free  formation  of  ammonia  in  the  cells  of  the  digestive  apparatus 
during  the  digestion  of  food  rich  in  proteids. 

It  has  been  stated  above  that  other  foods  may  decrease  the  catabolism 
of  proteids.  Gelatine  is  such  a  food.  Gelatine  and  the  gelatine-farmers  do 
not  seem  to  be  converted  into  proteid  in  the  body,  and  this  last  cannot 
be  entirely  replaced  by  gelatine  in  the  food.  For  example,  if  a  dog  is  fed 
on  gelatine  and  fat,  its  body  sustains  a  loss  of  proteids  even  when  the 
quantity  of  gelatine  is  so  large  that  the  animal,  with  an  amount  of  fat 
and  meat  containing  just  the  same  quantity  of  nitrogen  as  the  gelatine  in 
question,  may  remain  in  nitrogenous  equilibrium.  On  the  other  hand, 
gelatine,  as  Voit,  Panum  and  Oerum  •  have  shown,  has  a  great  value  as 
a  means  of  sparing  the  proteids,  and  it  may  decrease  the  catabolism  of 
proteids  to  a  still  greater  extent  than  fats  and  carbohydrates.  This  is 
apparent  from  the  following  summary  of  Voit's  experiments  upon  a  dog: 

Food  per  Day.  Flesh. 


Meat.  Gelatine  Fat.  Sugar.  Cataboliaed.  On  the  Body. 

400                0  200                0                      450                 -50 

400                 0  0                250                    439                 -39 

400               200  0                  0                      356                 +44 

I.  Munk  *  has  lately  arrived  at  similar  results  by  means  of  more  deci- 
sive experiments.  He  found  in  dogs  that  on  a  mixed  diet  which  contained 
3.7  grams  proteid  per  kilo  of  body,  of  which  hardly  3.6  grams  was  catab- 
olized,  nearly  $  could  be  replaced  by  gelatine.  The  same  dog  catabolized 
on  the  second  day  of  starvation  three  times  as  much  proteid  as  with  the 
gelatine  feeding.  Munk  states  also  that  gelatine  has  a  much  greater 
sparing  action  on  proteids  than  the  fats  or  the  carbohydrates. 

This  ability  of  gelatine  to  spare  the  proteids  is  explained  by  Voit  by 
the  fact  that  the  gelatine  is  decomposed  instead  of  a  part  of  the  circulat- 
ing proteids,  whereby  a  part  of  this  last  may  be  organized. 

The  recent  investigations  of  Krummacher  and  Kirchmann  8  show  the 
extent  of  the  sparing  action  of  gelatine  upon  proteids.  The  extent  of 
proteid  destruction  during  gelatine  feeding  was  compared  with  the  extent 

1  Arch,  des  scienc.  biol.  de  St.  P£tersbourg,  4,  393;  Schepski,  Maly's  Jnhresber.,  30. 

'  See  foot-note  2,  page  348. 

•Voit,  1.  c,  123;  Panum  and  Oerum,  Nord.  Med.  Arkiv.,  11. 

♦Pfliiger's  Arch.,  58. 

•Krummacher,  Zeitschr.  f.  Biologic,  42;  Kirchmann,  ibid.,  40. 
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of  proteid  catabolism  iii  starvation,  and  it  was  found  that  3o-37.5  per 
cent  of  the  quantity  of  proteid  decomposed  in  starvation  could  be  spared 
by   ge  The   physiological   availability   of  gelatine  was   found  by 

Kiummacher  to  be  equal  to  3.8S  calorics  for  1  grain,  which  correal 
t<>  about  72.4  per  cent  of  the  energy-content  of  the  gelatine. 

Qelatane  rnay  also  decrease  somewhat  tin  fat,  altl u 

it  is  of  less  value  in  this  respect  than  the  carbohydrates. 

question  «»f  ill*'  nutritive  value  of  proteoses  (and  peptones) 
in  close  relationship  to  the  nutritive  value  of  the 
The  early  investigations    made    by   If  aly,   Plos'z  and  G  and 

AuAMMcwirz  have   led    to   tin-  conclusion   that  with  food   which  000 
no  proteids  besides  peptonea  (proteoses)  an  animal  may  not  "■serve 

its  nitrogenous  equilibrium,  but  its  proteid  condition  may  even  increase. 
According  bO  Decent  and  more  exact  investigations  by  Polmtzkr.  Zistz. 
Mivk  the  proteoses  have  the  same  nutritive  value  Bi  ds,  at 

in  short  experiments.    According  to  Pollitzer  this  is  true  for 
proteoses  as  well  as  for  true  peptone;    but   this  does  not  corn 
with  the  experience  of  Ei.i.ivokk.1  who  find!   tl  at   the  true  ant 

1  peptone)  is  not  able  to  entirely  replace  proteids  or  to  prevent  tlie 
loss  of  proteid  in  the  animal  body.  On  the  contrary,  according  to  him,  it 
baa,  like  gelatine,  the  property  of  sparing  proteids.  Voir  long  ago  ex- 
pressed a  similar  view.    According  to  him  the  proteoses  an<l 

•  place  the  proteid*  for  a  short  time,  but  not  permanently; 
can  -pare  the  proteids,  but  cannot,  be  converted  into  proteids. 
to  the  researches  of  Blum  2  the  diffen i  <■    have  variou.- 

Values.     In    his    experiments    the    het  906    from    fibrin    oould 

replace   the  proteids  of   the  food,   while  casein    protoproteose  had  this 
■rty. 
The  question  as  to  the  nutritive  value  of  proteoses  and  peptones  has 
oed  in  a  new  d  due  to  the  more  recent  view's,  as  mention 

Chapter  EX,  OB  the  absorption  of  proteids  where  the  proteids  are  not  ab- 
sorbed chiefly  as  proteoses  and  peptones,  but  as  cleavage  pro* 
vi  3  has  attempted  by  special  experiments  to  bring  about  a  pj 
synthesis   from   these    simple    productB   in   the  body.      Even    if 
is  correct  and  if  the  greatest  portion  of  the  food -prom 

in  aimpiec  products  than  peptone,  it   does  not  follow  that  the 


1  Maly.    Pflupr's  Arch.,  0;    Plos'e    and  Gyergyay.  ibid.,  10;    A.I  i  n     .  «i«.  "Die 
Nalur  and  dw  Mtbrwerth  dee  Peptons"  (Berlin.  L877);    PoIIitzer,   I 
37,  801;   ZttOtS,  fM&,  37,  313;   Munk,  Centralbl.  f.  d   med.  Wisserwcb  ,  1889,  90 
Deutsch.  med.  Wochen-whr.,  1889;   EUinger,  Zcitschr.  f.  biologic,  38  fji 

5  ZmtMObr.  f.  phi  m  .  B0;  v. .it,  |  .■ ,  394 

1  Arch.  f.  exp.  Path.  u.  Pharm  ,  48.     See  also  Henderson  and  Dean,  Arner.  Joura. 
of  Physiol.,  9,  and  Plumier,  Chcm.  Contealbl.,  1908,  I,  110. 


SPARING  ACTION  OF  FATS  AND  CARBOHYDRATES.  645 

proteoses  and  peptones  also  can  completely  replace  the  proteids  of  the 
food.  The  proteoses  and  peptones  are  formed  by  cleavages,  and  perhaps 
certain  atomic  complexes  are  absent  which  occur  in  the  mixture  of  cleav- 
age products  and  which  are  necessary  for  a  regeneration  of  special  proteid 
bodies. 

From  experiments  made  by  Weiske  and  others  on  herbivora  it  appears 
that  asparagin  may  spare  proteid  in  such  animals.  According  to  Kell- 
ner  *  the  sparing  action  of  asparagin  is  only  of  an  indirect  kind  because 
it  serves  as  nutrition  for  the  bacteria  in  the  digestive  tract  instead  of  the 
proteids,  and  also  the  recent  investigations  of  Kellner  and  collaborators 
show  that  asparagin  can  only  spare  the  proteid  catabolism  in  ruminants 
with  food  poor  in  proteid  but  rich  in  carbohydrates.  In  carnivora  (I. 
Munk)  and  in  mice  (Voit  and  Politis)  it  was  found  that  asparagin  has 
only  a  very  slight,  if  any,  sparing  action  on  the  proteids.  It  is  not  known 
how  it  acts  in  man. 

Metabolism  on  a  Diet  consisting  of  Proteid,  with  Fat  or  Carbohydrates. 
Fat  cannot  arrest  or  prevent  the  catabolism  of  proteids;  but  it  can  decrease 
it,  and  so  spare  the  proteids.  This  is  apparent  from  the  following  table  of 
Voit.2    A  is  the  average  for  three  days,  and  B  for  six  days. 

Food.  Flash. 


Meat.  Fat.  Metabolised.       On  the  Body. 

A. 1500  0  1512  -12 

B 1500  150  1474  +26 

According  to  Voit  the  adipose  tissue  of  the  body  acts  like  the  food-fat, 
and  the  proteid-sparing  effect  of  the  former  may  be  added  to  that  of  the 
latter,  so  that  a  body  rich  in  fat  may  not  only  remain  in  nitrogenous  equi- 
librium, but  may  even  add  to  the  store  of  body  proteids,  while  in  a  lean 
body  with  the  same  food  containing  the  same  amount  of  proteids  and  fat 
there  would  be  a  loss  of  proteids.  In  a  body  rich  in  fat  a  greater  quantity 
of  proteids  is  protected  from  metabolism  by  a  certain  quantity  of  fat  than 
in  a  lean  body. 

Because  of  the  sparing  action  of  fats  an  animal  to  whose  food  fat  is 
added  may,  as  is  apparent  from  the  table,  increase  its  store  of  proteid 
with  a  quantity  of  meat  which  is  insufficient  to  preserve  nitrogenous  equi- 
librium. 

Like  the  fats  the  carbohydrates  have  a  sparing  action  on  the  proteids. 
By  the  addition  of  carbohydrates  to  the  food  the  carnivora  not  only  remains 


1  Weiske,  Zeitschr.  f.  Biologie,  15  and  17,  and  Centralbl.  f.  d.  med.  Wissensch., 
1890,  945;  Munk,  Virchow's  Arch.,  94  and  98;  Politis,  Zeitschr.  f.  Biologie,  28.  See 
also  Mauthner,  ibid.,  28;  Gabriel,  ibid.,  29;  and  Voit,  ibid.,  29,  125;  Kellner,  Maly'n 
Jahresber.,  27,  and  Zeitschr.  f.  Biologie,  39. 

2  Voit  in  Hermann's  Handbuch,  6,  130. 
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in  nitrogenous  equilibrium,  but  the  same  quantity  of  meat  which  in  itself 
is  insufficient  and  which  without  carbohydrates  would  cause  a  loss  of  weight 
in  the  body  may  with  the  addition  of  carbohydrates  produce  a  deposit  of 
jroteids.    This  is  apparent  from  the  following  table: l 

Pood.  Flash. 


Ileal. 

Fat. 

Sugar. 

Starch. 

Melabotiaed 

Ob  the  Body. 

500 

250 

558 

-    58 

500 

300 

466 

+  34 

600 

200 

505 

-     5 

800 

250 

745 

+   55 

800 

200 

,  ,  , 

773 

+   27 

2000 

200-300 

1792 

+208 

2000 

250 

.  .  . 

U83 

+  117 

The  sparing  of  proteid  by  carbohydrate  is  greater,  as  shown  by  the 
table,  than  by  fats.  According  to  Voit  the  first  is  on  an  average  9  per 
cent  and  the  other  7  per  cent  of  the  administered  proteid  without  a  previ- 
ous addition  of  non-nitrogenous  bodies.  Increasing  quantities  of  carbo 
hydrates  in  the  food  decrease  the  proteid  metabolism  more  regularly  and 
constantly  than  increasing  quantities  of  fat. 

Because  of  this  great  proteid-sparing  action  of  carbohydrates  the  her- 
bivora,  which  as  a  rule  partake  of  considerable  quantities  of  carbohydrates, 
assimilate  proteids  readily  (Voit). 

The  greater  proteid-sparing  action  of  carbohydrates  as  compared  to 
that  of  the  fats  occurs,  as  shown  by  Landergren,*  to  a  still  higher  degree 
with  food  poor  in  nitrogen  or  in  nitrogen  starvation,  in  which  cases  the 
carbohydrates  have  double  the  proteid-sparing  action  as  compared  to  an 
isodynamic  quantity  of  fat. 

The  proteid-sparing  action  of  the  carbohydrates  and  fats  has  generally 
been  studied  by  the  one-sided  feeding  with  one  or  the  other  of  these  two 
groups  of  foodstuffs.  The  question  may  be  raised  whether  the  difference 
observed  between  the  fats  and  carbohydrates  could  not  be  brought  about 
also  by  the  simultaneous  supply  of  carbohydrates  and  fat  in  varying  pro- 
portions. Tallquist  '  has  made  a  series  of  experiments  on  this  subject 
In  one  of  the  periods  16.27  grams  N,  44  grams  fat,  and  466  grams  carbo- 
hydrate were  given ;  in  a  second  16.08  grams  N,  140  grams  fat,  and  250 
grams  carbohydrate,  containing  nearly  the  same  number  of  calories,  namely, 
2867  and  2873  calories.  In  both  cases  nearly  a  complete  nitrogenous 
equilibrium  was  reached  and  the  carbohydrate  did  not  spare  more  proteid 
than  the  fat.  It  is  therefore  possible  that  the  fat  has  about  the  same 
proteid-sparing  action  as  an  isodynamic  amount  of  carbohydrate  when  the 
quantity  of  carbohydrates  does  not  sink  below  a  certain  minimum,  which 
is  not  known  for  the  present. 

1  Voit  in  Hermann's  Handbuch,  6,  143. 

1 L.  c,  Inaug.-Diss.,  and  Skand  Arch.  f.  Physiol.,  14. 

*  Finska  Lakaresallskapete  handl.,  1901.    See  also  Arch.  1  Hygiene,  4L 
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This  condition  as  well  as  the  extent  of  proteid-sparing  action  of  the 
carbohydrates  stands,  according  to  Landekcken,1  in  close  relation  to  the 
fttfon   of  sugar   in   the  body.     The   animal   body  always  needs  sugar, 

and  a  lark  of  carbohydrates  in  the  f I  leads  to  a  part  of  theproteids  being 

used  in  the  sugar  formation.  This  part  can  be  spared  by  carbohydrates 
but  not  by  fats,  from  whi'-h.  BCOOfdlllg  to  Lwokucki  \  the  oarbohydmtes 
eann<  nurd.     In  this  lies  also  the  probable  reason  why  the  fats,  on 

being  fed  exclusively  but  not  with  a  sufficient  supply  of  carbohydrate, 
have  a  much  lower  pro teid-spa ring  action  than  the  carbohydrates.  The 
cannot  prevent  the  proteid  oatabohsm  necessary  for  the  formation  of 
sugar  on  a  diet  lacking  carbohydrates. 

The  law  as  to  the  increased  proteid  catabolism  with  increased  proteid 
supply  applies  also  to  food  consisting  of  proteid  with  fat  and  carbohydrates. 
In  these  cases  the  body  tries  to  adapt  its  proteid  catabolism  to  the  supply; 
and  When  the  daily  calorie-supply  is  completely  covered  by  the  food,  the 
organism  can  limits,  be  in  nitrogenous  equilibrium  with  dif- 

ferent, quantities  of  proteid. 

The  upper  limit  to  the  possible  proteid  catabolism  per  kilo  and  per  day 
has  only  been  determined  for  berbrvoi*.     For  human  beings  it  is  not 

known,  and  its  determination  is  from  a  practical  standpoint  of  secondary 
importance.  What  is  more  important  is  to  ascertain  the  lower  limit,  and 
on  this  subject  we  have  several  experimental  upon  man  as  well  as  upon 
dogs  by  Hik.s<  in-Kin,  Ki:ma<;awa,  Klkmi-kkkh.  Munk.  Rosknhkim.'  and 
others.  It  follows  from  these  experiments  that  the  lower  limit  of  pr 
needed  for  human  beings  for  a  week  or  less  is  about  30-40  grams  or  0.4- 
0.6  gram  per  kilo  with  a  body  of  average  weight,  v.  Noohdeh  '  oonsiden 
0.6  gram  proteid  (absorbed  proteid)  per  kilo  and  per  day  as  the  lower 
limit.  The  above-mentioned  figures  are  only  valid  for  short  series  of  ex- 
periments; still  there  exist  the  observations  of  K.  Voit  am  '  antinidi  * 
on  the  diet  of  a  vegetarian  in  which  the  proteid  condition  was  kept  nearly 
but  not  ■  lj  for  a  long  time  with  about  0.G  gram  of  proteid  per  kilo. 
According  to  Vqtt'B  normal  figures,  which  will  be  spoken  of  below,  for 
the  nutritive  need  of  man,  an  average  working  man  of  about  70  kilos 
weight  requires  on  a  mixed  diet  about  40  calories  per  kilo  (true  calories 
or  net  calorie..  Le.,  the  cmbustion  value  of  the  absorbed  foods).  In 
the  above  experiments  with  food  very  poor  in  proteid  the  demand  for 
as  considerably  greater;  as,  for  instance,  in  certain  cases  it  was 
"1   1 1                 a)  or  even  78.5  calories  (Ki.i                      It  therefore  seems 

1  L.  c,  Inaug.-Diss.     See  also  Skand.  Arch.  f.  Physiol.,  14. 

1  See  footnote  8,  page-  087 ;  also  Munk,  Arch.  f.  {Anat.  u.)  Physiol.,  1S91  and  1800) 
Boset  :  .  1801;    I'lluc'-rs  Ardi..  U, 

'undrisu  eincr  Melhodik  der  Stoftwechseluntersuchungeu.     Berlin,  180 
•  ZdUchr.  f.  Uiologic,  25. 
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as  if  the  above  very  low  supply  of  proteid  waa  only  possible  with  gnat 
waste  of  non-nitrogenous  food;  but  in  opposition  to  this  it  coast  ha 
recalled  that  in  Von  and  Oojibtakiinidi's  experiments  upon  the  vejp- 
tarian,  who  for  yeaxa  waa  accustomed  to  a  food  very  poor  in  proteid  sad 
rich  in  carbohydrate,  the  calories  amounted  to  only  48.7  per  kilo. 

Beoently  Srviw  has  shown  by  experiments  upon  himself  that  tas- 
adult  human  organism,  at  least  f  or  a  abort  time,  can  be  maintained  mnitn^ 
enoua  equilibrium  with  a  specially  low  supply  of  nitrogen  without  merest 
ing  the  calories  in  the  food  above  the  normal  With  a  supply  of  41-4 
calories  per  kBo  he  remained  in  nitrogenous  equilibrium  for  four  dsjs 
with  a  supply  of  nitrogen  of  0.06  gram  per  kilo  of  body  weight.  Of  the 
nitrogen  taken,  a  part  waa  of  a  non-proteid  nature  and  the  quantity  of 
true  proteid  nitrogen  was  only  0.046  gram,  corresponding  to  about  0J  gram 
of  proteid  per  kilo  of  body  weight.  That  this  low  limit,  which  by  the  way 
only  holds  for  a  short  time,  has  no  general  validity  follows  from  other  observa- 
tions. Thus  Caspabz  *  atao,  in  an  experiment  on  himself,  could  not  attain 
complete  nitrogenous  equilibrium  on  a  much  greater  nitrogen  suppr/. 
The  proteid  minimum  seems  also  to  be  different  for  various  individuals. 

The  very  important  question  as  to  the  conditions  favoring  the  depo- 
sition of  fat  and  flesh  in  the  body  is  closely  associated  with  what*  hat 
just  been  said  in  regard  to  foods  consisting  of  proteid  and  non-mtiugenoos 
foodstuffs.  In  this  connection  it  must  be  remembered  in  the  first  place 
that  all  fattening  presupposes  an  overfeeding,  i.e.,  a  supply  of  foodstuffs 
which  is  greater  than  that  catabolized  in  the  same  time. 

In  carnivora  a  flesh  deposition  may  take  place  on  the  exclusive  feeding 
with  meat.  This  is  not  generally  large  in  proportion  to  the  quantity  of 
proteid  catabolized.  As  shown  by  an  experiment  upon  a  male  cat  by 
PflIjger  s  this  may  be  so  great  that  the  body  doubles  in  weight  under 
favorable  conditions.  In  man  and  herbivora,  on  the  contrary,  the  demand 
for  calories  may  not  be  covered  by  proteid  alone,  and  the  question  as  to 
the  conditions  of  fattening  with  a  mixed  diet  is  of  importance. 

These  conditions  have  also  been  studied  in  carnivora,  and  here,  as 
Voit  has  shown,  the  relationship  between  proteid  and  fat  (and  carbo- 
hydrates) is  of  great  importance.  If  much  fat  is  given  in  proportion  to 
the  proteid  of  the  food,  as  with  average  quantities  of  meat  with  consider- 
able addition  of  fat,  then  nitrogenous  equilibrium  is  only  slowly  attained 
and  the  daily  deposit  of  flesh,  though  not  large,  is  quite  constant,  and 
may  become  greater  in  the  course  of  time.  If,  on  the  contrary,  much  meat 
besides  proportionately  little  fat  is  given,  then  the  deposit  of  proteid  with 
increased  catabolism  is  smaller  day  by  day,  and  nitrogenous  equilibrium 

1  Sivln,  Skand.  Arch.  f.  Physiol.,  10  and  11;  Caspari,  Arch.  f.  (Anat.  u.)  PbysoL, 
1901. 

» Pfluger'B  Arch.,  77. 
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is  attained  in  a  few  days.  In  spite  of  the  somewhat  larger  deposit  per 
diem,  the  total  flesh  deposit  is  not  considerable  in  these  cases.  The  fol- 
lowing experiment  of  Voit  may  serve  as  example: 


Number  of 
Days  of  Ex- 
perimentation. 

Food. 

Total 

Deposit  of 

Flesh. 

Daily 

Deposit  of 

Flesh. 

Nitrogenous 
Equilibrium. 

Meat,  Grama. 

Fat.  Grama. 

32 

7 

500 
1800 

250 
250 

1792 

854 

56 
122 

not  attained 
attained 

The  greatest  absolute  deposition  of  flesh  in  the  body  was  obtained  in 
these  cases  with  only  500  grams  of  meat  and  250  grams  of  fat,  and  even  after 
32  days  nitrogenous  equilibrium  had  not  occurred.  On  feeding  with  1800 
grams  of  meat  and  250  grams  of  fat  nitrogenous  equilibrium  was  established 
after  seven  days ;  and  though  the  deposition  of  flesh  per  day  was  greater, 
still  the  absolute  deposit  was  not  one  half  as  great  as  in  the  former  case. 

The  experiments  of  Krug  upon  himself,  under  the  direction  of  v.  Noor- 
den,  give  us  information  as  to  the  practicability  of  flesh  deposition  in  man. 
With  abundant  food  (2590  cal.  =  44  cal.  per  kilo)  Krug  was  close  to  nitrog- 
enous equilibrium  for  six  days.  He  then  increased  the  nutritive  supply 
to  4300  eel. -=71  cal.  per  kilo  for  fifteen  days  by  the  addition  of  fat  and 
carbohydrate,  and  in  this  time  309  grams  of  proteid,  corresponding  to  1455 
grams  of  muscle,  was  spared.  Of  the  excess  of  administered  calories  in  this 
case  only  5  per  cent  was  used  for  flesh  deposit  and  95  per  cent  for  fat 
deposit.  On  the  other  hand  Bornstein,1  also  experimenting  upon  him- 
self, could  produce,  without  any  considerable  increase  in  calories,  an  increase 
in  the  proteid  condition  of  about  100  grams  of  proteid,  corresponding  to  500 
grams  of  flesh,  in  the  course  of  fourteen  days  simply  by  increasing  the  supply 
of  proteid  (50  grams  of  nutrose= sodium  casein  with  7  grams  N  per  day). 
We  cannot  state  whether  such  a  nitrogen  or  proteid  retention  indicates  a 
true  flesh  deposition,  i.e.,  the  re-formation  of  living  tissue  or  not. 

Bornstein  arrived  at  still  better  results  in  regard  to  proteid  retention 
by  simultaneous  muscle  work,  as  in  these  cases  the  nitrogen  retention 
corresponded  to  a  flesh  deposit  of  800  grams.  The  importance  of  work 
for  the  so-called  proteid  deposition  follows  also  from  many  other  obser- 
vations, and  it  is  in  agreement  with  daily  experience  that  a  man  cannot 
be  made  muscle-strong  by  superfeeding  alone.  A  work-hypertrophy 
must  also  be  introduced. 

It  is  difficult  to  produce  a  permanent  flesh  deposit  in  man  by  overfeed- 
ing alone.    Flesh  deposition  is,  according  to  v.  Noorden,  a  function  of 

1  Krug,  cited  from  v.  Xoorden,  Lehrbuch  der  Pathol ogie  des  Stoffwechsel.,  120; 
Bornstein,  Beri.  klin.  Wochenschr.,  1898,  and  Pfluger's  Arch.,  83. 
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the  Specific  energy  of  the  developing  cells  and  the  cell-work  to  a  mud. 
extent  than  the  excess  of  food.     Therefore  there  is  observed*  according  to 
v.  NoonniA-.  obimd&Xkt  flesh  deposition  (1)  in  each  . 
those  ii«i  longer  growing  hut  whose  body  is  sooustomsd  to  im 
(3)  whenever,  by  previous  insufficient  food  or  by  disease.,  the  fic- 
tion of   th<-  body  DOB    been  diminished   and  therefore  requires  abundant 
food  to   replies  the   same.     The  deposition  of    flesh   i>    in    this  case  an 
expression  of  the  regenerative  energy  of  the  cells. 

The  experiences  of  graziers  show  that  in  I  oals  a  flc 

does  Ti.i  OCCUT,  or  at  least  is  only  inconsiderable,  on  overfeeding.    The 
individuality  and  the  race  of  the  animal  are  of  importance  fur  Beat 

sHaon.1 

As  above  stated  (Chapter  X)  respecting  the  formation  of  fat  in  the  animal 
body,  the  must  essential  condition  for  a  fat  deposition  is  an  overfeeding 
with  non-nit r  foods.     The  extent  of  fat  deposit  ion  is  determir." 

-s  of  calories  administered  over  those  actually  needed.  If  a  large 
part  of  the  csJoiie-demsnd  la  covered  by  protcid,  then  a  greater  part  of 
the  non-nit  rojreuous  foodstuffs  .simultaneously  ingested  is  spared 
for  fat  deposition.  Hut  as  proteid  and  fat  are  expensive  nutritive  hodia 
as  compared  with  carbohydrate-.  ih«-  supply  of  greater  quantities  of  carto- 
hydratos  yj  important  for  fat  deposition.  Ths  body  dceoinposes  less  sub- 
stain  t.  than  during  activity  Bodily  rest,  besides  a  proper  com- 
bination of  the  three  chief  groups  of  organic  foods,  is  therefore  also  to 
I  i  i : 1 1  requisite  for  an  abundant  fat  deposit. 

Action  of  Certain  Other  Bodies  on  Metabolism.     R  ah  P     If  a  quantity 
in  excess  of  that,  which  is  necessary  is  introduced  into  the  organism,  the 
excess   is   quickly    and    principally    eliminated    with    the    urine.     Ti 
creased  elimination  of  urine  causes  in  fasting  animals  (Vorr,  I 
but  not  to  any  appreciable  degree  in  animals  taking  food  (SBBGBT, 
kowski  and  Mink,  Maikk,  Piuklih  :),  00  increased  elimination  of  una. 
r6BflOB  for  this  increased  excretion  i-  to  be  found  in  the  Cool  that  the 
drinking  of  BUieh  Water  causes  a  complete  washing  out  of  the  urea  from  the 
-.     Another  vi.-w.  which  is  defended  by  YoiT,  is  that  because - 
active  current  of  fluids  after  taking  large  quantities  of  wster  an  in- 
creased metabolism  of  proteids  takes  plae.-     Y  den  this  explain* 
ct  one,  although  he  does  not   deny  that  I  al  admin- 
istration of  water  a  more  complete  washing  out  of  the  urea  from  the  tissues 
takes  place.    More  recent  investigations  of   Nkimaxn  *  show  that  the 

1  Bee  also  Branson,  Zehsobr.  f.  klin.  Med.,  43. 

1  Voit,  rntereuch.  uner  dm  Einflnss  dw  Kocbaalzes,  etc.  (Munchen,  I860);  Tonus. 

cited  from  Voit  in   Hermann's  Handbuch,  0,   153:    Scegen.   Wi.  esber ,  61; 

ind  Munk.  Virchow's  Arch.,  71;   Mayer,  Zeitschr.  f.  klin.  Med.,  2;   Dubdtf, 

!ir.  f.  Biologic.  28. 
'  Arch.  f.  Hypicne,  38 
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increased  nitrogen  excretion  is  in  fact  due  to  an  increased  lixiviation  of 
the  tissues. 

When  the  body  has  lost  a  certain  amount  of  water,  then  the  abstinence 
from  water  (in  animals)  is  accompanied  by  a  rise  in  the  proteid  metabo- 
lism (Landauer,  Straub  l).  In  regard  to  the  action  of  water  on  the  for- 
mation of  fat  and  its  metabolism,  the  view  that  the  free  drinking  of  water 
is  favorable  for  the  deposition  of  fat  seems  to  be  generally  admitted,  while 
the  drinking  of  only  very  little  water  acts  against  its  formation. 

Salts.  The  statements  are  somewhat  contradictory  in  regard  to  the 
action  of  salts,  for  example  sodium  chloride  and  the  neutral  salts,  which 
partly  depends  upon  the  use  of  large  and  varying  amounts  of  salt  in  the  ex- 
periments. Recent  investigations  of  Straub  and  Rost  2  have  shown  that 
the  action  of  salts  stands  in  close  relationship  to  their  power  of  abstracting 
water.  Small  amounts  of  salt  which  do  not  produce  diuresis  have  no  action 
on  metabolism.  On  the  contrary,  larger  amounts  which  bring  about  a 
diuresis  which  is  not  compensated  by  the  ingestion  of  water,  produce  a  rise 
in  the  proteid  metabolism.  If  the  diuresis  is  compensated  by  drinking 
water,  then  the  proteid  metabolism  is  not  increased  by  salts,  but  is 
diminished  to  a  slight  degree.  An  increased  nitrogen  excretion  caused 
by  taking  salts  can  be  somewhat  increased  by  the  ingestion  of  water  and 
thus  increasing  the  diuresis,  and  the  action  of  salts  seems  to  bear  a  close 
relationship  to  the  demand  and  supply  of  water. 

Alcohol.  The  question  as  to  how  far  the  alcohol  absorbed  in  the  intes- 
tinal canal  is  burnt  in  the  body,  or  whether  it  leaves  the  body  unchanged 
by  various  channels,  has  been  the  subject  of  much  discussion.  To  all 
appearances  the  greatest  part  of  the  alcohol  introduced  (95  per  cent)  is 
burnt  in  the  body  (Subbotin,  Thudichum,  Bodlander,  Benedicenti  •). 
As  the  alcohol  has  a  high  calorific  value  (1  gram =7  calories),  then  the  ques- 
tion arises  whether  it  acts  sparingly  on  other  bodies,  and  whether  it  is  to 
be  considered  as  a  nutritive  substance.  The  older  investigations  made  to 
decide  this  question  have  led  to  no  decisive  result.  The  thorough  investi- 
gations of  Atwater  and  Benedict,  Zuntz  and  Geppert,  Bjerre,  Clo- 
patt,  Neumann,  Offer,  Rosemann,*  and  others,  seem  to  show  positively 
that  in  man  alcohol  can  diminish  the  consumption  not  only  of  fat  and 
carbohydrates,  but  also  the  proteids,  although  at  first,  due  to  its  poisonous 
properties,  it  may  increase  the  proteid  metabolism  for  a  short  time.  The 
nutritive  value  of  alcohol  can  only  be  of  special  importance  in  certain 
cases,  as  large  amounts  of  alcohol  taken  at  one  time,  or  the  continued  use 

1  Landauer,  Maly's  Jahresber.,  24;  Straub,  Zeitschr.  f.  Biologie,  37. 

*  W.  Straub,  Zeitschr.  f.  Biologic,  37  and  38;  Rost,  Arbeiten  aus  d.  Kaiserliche 
Gesundheitsamte,  18  fliterature).     See  also  Griiber,  Maly's  Jahresber.,  30,  612. 

1  Arch.  f.  (Anat.  u.)  Physiol.,  1896,  which  contains  the  literature. 

4  In  regard  to  the  literature  on  this  subject,  see  the  works  of  O.  Neumann,  Arch.  f. 
Hygiene,  36  and  41,  and  Rosemann,  Pfluger's  Arch.,  86  and  94. 


662  MMTASOUSM  WITH  ¥AM10U8  FOODS. 

of  smaller  quantities,  has  an  injurious  action  on  the  organism.  Alcohol 
may  therefore  be  regarded  as  a  foodstuff  only  in  exceptional  eases,  and  k 
other  respects  most  be  considered  as  an  article  of  luxury. 

Coffee  and  tea  have  no  action  on  the  exchange  of  material  which  can  be 
positively  proved,  and  their  importance  lies  chiefly  in  their  action  upon  tfte 
nervous  system.  It  is  impossible  to  enter  into  the  effect  of  various  them* 
peutio  agents  upon  metabolism. 

V.  The  Dependence  of  Metabolism  on  Other  Condition*. 

The  so-called  abstinence  value  which  was  previously  mentioned,  La, 
the  extent  of  metabolism  with  absolute  rest  of  body  and  inactivity  of  the 
intestinal  tract,  serves  best  as  a  starting-point  for  the  study  of  metabomm 
under  various  external  circumstances.  The  metabolism  going  on  under 
these  conditions  leads  in  the  first  place  to  the  production  of  heat,  and  it  ■ 
only  to  a  subordinate  degree  dependent  upon  the  work  of  the  circulator/ 
and  respiratory  apparatus  and  the  activity  of  the  glands.  According  to  ft 
calculation  by  Zuntz,1  only  10-20  per  cent  of  the  total  calories  of  the 
abstinence  value  belongs  to  the  circulation  and  respiration  work. 

The  magnitude  of  the  abstinence  value  depends  in  the  first  place  upon 
the  heat  production  necessary  to  cover  the  loss  of  heat,  and  this  heat  pro- 
duction is  in  turn  dependent  upon  the  relationship  between  the  weight 
and  the  surface  of  the  body. 

Weight  of  Body  and  Age.  The  greater  the  mass  of  the  body  the  greater 
the  absolute  consumption  of  material ;  while,  on  the  contrary,  other  things 
being  equal,  a  small  individual  of  the  same  species  of  animal  metabolizes 
absolutely  less,  but  relatively  more  as  compared  with  the  unit  of  the  weight 
of  the  body.  It  must  be  remarked  that  the  relation  between  flesh  and  fat 
in  the  body  exerts  an  important  influence.  The  extent  of  the  metabolism 
is  dependent  upon  the  quantity  of  active  cells,  and  a  very  fat  individual 
therefore  decomposes  less  substance  per  kilo  than  a  lean  person  of  the 
same  weight.  According  to  Rubner  *  the  importance  of  the  size  of  the 
flesh-  or  cell-mass  in  the  body  is  overestimated.  In  his  investigations  on 
two  boys,  one  of  whom  was  corpulent  and  the  other  normally  developed, 
and  on  comparing  the  food-need  with  that  found  by  Camerer  for  boys 
cf  the  same  weight,  Rubner  came  to  the  result  that  the  exchange  of  force 
in  the  corpulent  boy  almost  completely  corresponded  with  that  in  the  non- 
corpulent  boy  of  the  same  weight.  By  approximately  estimating  the  quan- 
tity of  fat  in  the  body  Rubner  was  also  able,  from  the  proteid  condition,  to 
compare  the  calculated  exchange  of  energy  with  that  actually  found.  The 
exchange  per  kilo  amounted  to  52  calories  in  the  lean  and  43.6  cal.  in  the 

'Cited  from  v.  Noorden's  Handbuch,  97. 

1  Beitrago  zur  Ernahrung  im  Knabenalter,  etc.    Berlin,  1902. 
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fat  boy,  while,  if  the  proteid  condition  was  a  measure,  one  would  expect  an 
■exchange  of  calories  of  only  35  cal.  for  the  fat  person.  We  cannot  there- 
fore admit  of  a  diminished  activity  of  the  cell-mass  in  the  fat  boy,  but 
rather  an  increased  activity.  According  to  Rubner  it  is  not  the  flesh- 
mass  (proteid  mass)  alone,  but  its  variable  functional  changes,  which  deter- 
mine the  extent  of  decomposition.  In  women,  who  generally  have  less 
body  weight  and  a  greater  quantity  of  fat  than  men,  the  metabolism  in 
general  is  smaller,  and  the  latter  is  ordinarily  about  four-fifths  that  of 
men. 

The  question  as  to  what  extent  gender  specially  influences  metabolism 
remains  to  be  investigated.  Tigerstedt  and  Sonden  *  found  that  in  the 
young  the  carbon-dioxide  elimination,  per  kilo  of  body  weight  as  well  as 
per  square  meter  of  body  surface,  was  considerably  greater  in  males  than 
in  females  of  the  same  age  and  the  same  weight  of  body.  This  difference 
between  the  two  sexes  seems  to  disappear  gradually,  and  at  old  age  it 
is  entirely  absent.2 

The  essential  reason  why  small  animals  decompose  relatively  more  sub- 
stance than  large  ones,  when  calculated  per  kilo  body  weight,  is  that  the 
bodies  of  smaller  animals  have  greater  surface  in  proportion  to  their  mass: 
On  this  account  the  loss  of  heat  is  greater,  which  causes  increased  heat  pro- 
duction, i.e.,  a  more  active  metabolism.  This  is  also  the  reason  why  young 
individuals  of  the  same  kind  show  a  relatively  greater  decomposition  than 
older  ones.  If  the  heat  production  and  carbon-dioxide  elimination  is  cal- 
culated on  the  unit  of  surface  of  the  body,  we  find,  on  the  contrary,  as  the 
experiments  of  Rubner,  Richet,8  and  others  show,  that  they  vary  only 
slightly  from  a  certain  average  in  individuals  of  different  weights. 

According  to  Rubner 's  rule  as  to  the  influence  of  the  surface,  which 
has  been  recently  formulated  by  E.  Voit,  the  need  of  energy  in  homoio- 
thermic  animals  is  influenced  by  the  development  of  their  surface  when 
their  body  is  given  rest,  medium  surrounding  temperature,  and  relatively 
equal  proteid  condition.  This  rule  not  only  applies  to  adult  human 
beings  but  also  to  children  and  growing  individuals  (Rubner,  Oppen- 
heimer).  The  surface  is  the  essential  factor  in  determining  the  extent  of 
exchange  of  energy.  In  order  to  show  this  we  will  give  here,  from  a  work 
of  Rubner,4  the  figures  representing  the  quantity  of  heat  in  calories  for 
1  square  meter  of  surface  for  twenty-four  hours. 

1  Skand.  Arch.  f.  Physiol.,  6. 

1  In  regard  to  metabolism  and  its  relationship  to  the  phases  of  sexual  life  and 
especially  under  the  influence  of  menstruation  and  pregnancy,  see  the  investigations 
of  A.  Ver  Eecke  (Bull.  acad.  roy.  de  med.  de  Belgique,  1897  and  1901,  and  Maiy'q 
Jahresber.,  30  and  31). 

1  Rubner,  Zeitschr.  f.  Biologie,  19  and  21;  Richet,  Arch,  de  Physiol.  (5),  2. 

4  Rubner,  Ern&hrung  im  Knabenalter,  45;  E.  Voit,  Zeitschr.  f.  Biologie,  41;  Oppen- 
heimcr,  ibid.,  42. 
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Adult,  medium  diet,  rest 1 189  Calorie 

"     medium  work 1399       " 

Suckling , 1221       ** 

Child  with  medium  diet , 1447       " 

Aged  men  and  women. 1099       " 

Women.  ...„.,.... , 1044       " 


The  variation  in  the  calorific  values  '  found  by  many  investigators, 
which  is  sometimes  not.  very  small,  speaks  for  the  fact  that  the  surface 
rule  is  not  alone  decisive  for  the  exchange  of  material  in  resting  animals. 
Still  it  is  generally  considered  that  it  is  most  important  in  this  regard. 

The  more  active  metabolism  in  young  individuals  is  apparent  when, 
we  measure  the  gaseous  exchange  as  well  as  the  excretion  of  nitrogen, 
As  example  of  the  elimination  of  urea  in  children  the  following  results  of 
Camereh*  are  of  value; 


Age. 

Weight  of  Body  in  Kilos-:. 

10.80 

Urea  in  Grama. 
Per  Day.                  Per  Kilo. 
12.10                       1.35 

3       "     

13.30 

11.10                    0.90 

5      "     

16 . 20 

12.37                   0.76 

7      '«     . 
9       " 
12J     "     .... 

,...    18.80 

32.60 

14.05                   0.75 
17 .27                   0.69 
17.79                   0  54 

15       N    .... 

35.70 

17.78                   0  50 

In  adults  weighing  about  70  kilos,  from  30  to  35  grams  of  urea  per  day  art 
eliminated,  or  0.5  gram  per  kilo.  At  about  fifteen  yean  of  age  the  destruc- 
tion of  proteids  per  kilo  is  about  the  same' as  in  adults.  The  relativelj 
greater  metabolism  of  proteids  in  young  individuals  is  explained  partly 
by  the  fact  that  the  metabolism  of  material  in  general  is  more  active  in 
young  animals,  and  partly  by  the  fact  that  young  animals  are,  as  a  rule, 
poorer  in  fat  than  those  full  grown. 

According  to  Tigerstedt  and  Sond£n  the  greater  metabolism  in  young 
animals  depends  nevertheless  also  in  part  on  the  fact  that  in  these  indi- 
viduals the  decomposition  in  itself  is  more  active  than  in  older  ones.  The 
period  of  growth  has  a  considerable  influence  on  the  extent  of  metabolism 
(in  man),  and  indeed  the  metabolism,  even  when  calculated  on  the  unit 
of  surface  of  body,  is  greater  in  youth  than  in  old  age.  This  view  is  strongly 
disputed  by  Rubner.  He  does  not  deny  that  differences  exist  between 
young  and  adult  individuals  which  may  be  considered  as  a  deviation  from 
the  above  rule;  still  these  differences  may,  according  to  Rubner,  be  de- 
pendent upon  the  work  performed,  the  food,  and  the  nutritive  condition. 
Magnus-Levy  and  Falk  ■  have  reported  observations  which  support  the 
views  of  Sond6n  and  Tigerstedt. 


1  See  Magnus-Levy,  Pfluger's  Arch.,  65;  Slowtzoff  (u.  Zuntz),  ibid.,  96. 
1  Zeitechr.  f.  Biologie,  16  and  20. 

*  Tigerstedt  and  Sonden,  1.  c. ;   Rubner,  1.  o.j  Magnus-Levy,  Arch,  f .  (Anat  a.) 
Physiol.,  1899,  Suppl. 
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As  the  metabolism  may  be  kept  at  its  lowest  point  by  absolute  rest  of 
body  and  inactivity  of  the  intestinal  tract,  it  is  manifest  that  work  and 
the  ingestion  of  food  have  an  important  bearing  on  the  extent  of  metab- 
olism. 

Rest  and  Work.  During  work  a  greater  quantity  of  chemical  energy  is 
converted  into  kinetic  energy,  i.e.,  the  metabolism  is  increased  more  or 
less  on  account  of  work. 

As  explained  in  a  previous  chapter  (XI)  work,  according  to  the  gener- 
ally accepted  view,  has  no  material  influence  on  the  excretion  of  nitrogen. 
It  is  nevertheless  true  that  several  investigators  have  observed  in  certain 
cases  an  increased  elimination  of  nitrogen;  but  these  observations  have 
been  explained  in  other  ways.  For  instance,  work  may,  when  it  is  con- 
nected with  violent  movements  of  the  body,  easily  cause  dyspnoea,  and  this 
last,  as  Frankel  *  has  shown,  may  occasion  an  increase  in  the  elimination 
of  nitrogen,  since  diminution  of  the  oxygen  supply  increases  the  proteid 
metabolism.  In  other  series  of  experiments  the  quantity  of  carbohydrates 
and  fats  in  the  food  was  not  sufficient;  the  supply  of  fat  in  the  body  was 
decreased  thereby,  and  the  destruction  of  proteids  was  correspondingly 
increased.  Other  conditions,  such  as  the  external  temperature  and  the 
weather,2  thirst,  and  drinking  of  water,  can  also  influence  the  excretion 
of  nitrogen.  According  to  the  generally  accepted  views  muscular  activity 
has  hardly  any  influence  on  the  metabolism  of  proteids. 

On  the  contrary,  work  has  a  very  considerable  influence  on  the  elimina- 
tion of  carbon  dioxide  and  the  consumption  of  oxygen.  This  action,  which 
was  first  observed  by  Lavoisier,  has  recently  been  confirmed  by  many 
investigators.  Pettenkofer  and  Voit  ■  have  made  investigations  on  a 
full-grown  man  as  to  the  metabolism  of  the  nitrogenous  as  well  as  of  the 
non-nitrogenous  bodies  during  rest  and  work,  partly  while  fasting  and 
partly  on  a  mixed  diet.  The  experiments  were  made  on  a  full-grown 
man  weighing  70  kilos.    The  results  are  contained  in  the  following  table: 

Consumption  of 
Proteids 

Fasting  . . . 
Mixed  diet 

In  these  cases  work  did  not  seem  to  have  any  influence  on  the  destruc- 
tion of  proteids,  while  the  gas  exchange  was  considerably  increased. 
Zuntz  and  his  pupils  4  have  made  very  important  investigations  into 


Proteids. 

Fat.    Carbohydrates. 

CO j  Eliminated 

O  Consumed 

Rest.. 

.  .      79 

209 

716 

761 

Work. . 

.     75 

380 

1187 

1071 

Rest.. 

.  .   137 

72            352 

912 

831 

Work. 

..    137 

173            352 

1209 

980 

1  Virchow's  Arch.,  67  and  71. 

*  See  Zuntz  and  Schumburg,  Arch.  f.  (Anat.  u.)  Physiol.,  1895. 
■  Zeitschr.  f .  Biologie,  2. 

*See  the  works  of  Zuntz  and  Lehmann,  Maly's  Jahresber.,   19;    Katzenstein, 
Pfluger's  Arch.,  49;     Loewy,  ibid.;    Zuntz,  ibid.,  68,  and  especially  the  large  work 


the  extent  of  the  exchange  of  gas  as  a  measure  of  metabolism  during  work 
and  caused  by  work.  These  investigations  not  only  show  the  important 
influence  of  muscular  work  on  the  decomposition  of  material,  but  they 
also  indicate  in  a  very  instructive  way  the  relationship  between  the  extent 
of  metabolism  of  material  and  useful  work  of  various  kinds.  We  can  only 
refer  to  these  important  investigations,  which  are  of  special  physiological 
interest. 

The  action  of  muscular  work  on  the  gas  exchange  does  not  alone  appear 
with  hard  work.  From  the  researches  of  Speck  and  others  we  learn  that 
even  very  small,  apparently  quite  unessential  movements  may  increase 
the  production  of  carbon  dioxide  to  such  an  extent  that  by  not  observing 
these,  as  in  numerous  older  experiments,  very  considerable  errors  may 
creep  in.  Johansson  ■  has  also  made  experiments  upon  himself,  and  finds 
that  on  the  production  of  as  complete  a  muscular  inactivity  as  possible 
the  ordinary  amount  of  carbon  dioxide  (31.2  grams  per  hour  at  rest  in 
the  ordinary  sense)  may  be  reduced  nearly  one  third,  or  to  an  average  of 
22  grams  per  hour. 

The  quantity  of  carbon  dioxide  eliminated  during  a  working  period  is 


uniformly  greater  than  the  quantity  of  oxygen  taken  up  at  the 
time,  and  hence  a  raising  of  the  respiratory  quotient  was  usually  con- 
sidered as  caused  by  work.  This  rise  does  not  seem  to  be  based  upon  ibo 
character  of  chemical  processes  going  on  during  work,  as  we  have  a  series  of 
experiments  made  by  Zuntz  and  his  collaborators,  Lehmann,  Kat- 
zenstein  and  Hagemann,*  in  which  the  respiratory  quotient  remained 
almost  wholly  unchanged  in  spite  of  work.  According  to  Loewt  ■  the 
combustion  processes  in  the  animal  body  go  on  in  the  same  way  in  work 
as  in  rest,  and  a  raising  of  the  respiratory  quotient  (irrespective  of  the 
transient  change  in  the  respiratory  mechanism)  takes  place  only  with 
insufficient  supply  of  oxygen  to  the  muscles,  as  in  continuous  fatiguing 
work  or  excessive  muscular  activity  for  a  brief  period,  also  with  local  lack 
of  oxygen  caused  by  excessive  work  of  certain  groups  of  muscles.  This 
varying  condition  of  the  respiratory  quotient  has  been  explained  by  Kat- 
zenstein  by  the  statement  that  during  work  two  kinds  of  chemical 
processes  act  side  by  side.  The  one  depends  upon  the  work  which  is  con- 
nected with  the  production  of  carbon  dioxide  also  in  the  absence  of  free 
oxygen,  while  the  other  brings  about  the  regeneration  which  takes  place 


"Untersuch.  uber  den  Stoffwechsel  des  Pferdes  bei  Ruhe  und  Arbeit,"  Zunti  and 
Hagemann,  Berlin,  1898,  which  also  contains  a  bibliography.  Zuntz  and  SlowUoff, 
Pfluger's  Arch.,  96;   Zuntz,  ibid. 

1  Nord.  Med.  Arkiv.  Festband,  1897;  also  Maly's  Jahreeber.,  87;  Speck,  "Physiol. 
des  menschl.  Athmens,"  Leipzig,  1892. 

*  See  foot-note  4,  page  655. 

•  Pfluger's  Arch.,  49. 
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by  the  taking  up  of  oxygen.  When  these  two  chief  kinds  of  chemical 
processes  make  the  same  progress  the  respiratory  quotient  remains  un- 
changed during  work;  if  by  hard  work  the  decomposition  is  increased  as 
compared  with  the  regeneration,  then  a  raising  of  the  respiratory  quotient 
takes  place.  If,  on  the  contrary,  moderate  work  is  continued  and  per- 
formed in  a  way  so  that  irregularities  and  occasional  changes  in  the  circu- 
lation and  respiration  are  excluded  or  are  without  importance,  then  the 
respiratory  quotient  may  correspondingly  remain  the  same  during  work 
as  in  rest.  Its  extent  is  thereby  in  the  first  place  determined  by  the  nutri- 
tive material  at  its  disposal  (Zuntz  and  his  pupils). 

The  theory  of  Loewy  and  Zuntz  that  the  raising  of  the  respiratory  quotient 
during  work  is  to  be  explained  by  an  insufficient  supply  of  oxygen  is  opposed 
by  Laulani^.1  He  has  observed  the  reverse,  namely,  a  diminution  in  the  respira- 
tory quotient  during  continuous  excessive  work,  and  this  is  not  reconcilable  with 
the  above  statements.  According  to  Laulanib,  who  considers  sugar  as  the  source 
of  muscular  energy,  the  rise  in  the  respiratory  quotient  is  due  to  an  increased 
combustion  of  sugar.  The  diminution  of  the  same  he  explains  by  a  re-formation 
of  sugar  from  fat  which  takes  place  at  the  same  time  and  is  accompanied  by 
an  increased  consumption  of  oxygen. 

In  sleep  metabolism  decreases  as  compared  with  that  during  waking, 
and  the  most  essential  reason  for  this  is  the  muscular  inactivity  during 
oleep.  The  investigations  of  Rubneb  upon  a  dog,  and  of  Johansson  j 
upon  human  beings,  teach  us  that  if  the  muscular  work  is  eliminated  the 
metabolism  during  waking  is  not  greater  than  in  sleep. 

The  action  of  light  also  stands  in  close  connection  with  the  question  of 
the  action  of  muscular  work.  It  seems  positively  proved  that  metabolism 
in  increased  under  the  influence  of  light.  Most  investigators,  such  as 
Speck,  Loeb,  and  Ewald,*  consider  that  this  increase  is  due  to  the  move- 
ments caused  by  the  light  or  an  increased  muscle  tonus.  Fubini  and  Beni- 
dicenti  *  assume  that  the  increase  in  metabolism  due  to  light  is  independ- 
ent of  the  movements.  They  base  this  assumption  on  experiments  made 
on  hibernating  animals. 

Mental  activity  does  not  seem  to  have  any  influence  on  metabolism 
according  to  the  means  at  hand  for  studying  this  influence. 

Action  of  the  External  Temperature.  In  cold-blooded  animals  the  pro- 
duction of  carbon  dioxide  increases  and  decreases  with  the  rise  and  fall  of 
the  surrounding  temperature.  In  warm-blooded  animals  this  condition  is 
different.  By  the  investigations  of  Ludwig  and  Sanders-Ezn,  Pfluger 
and  his  pupils,  and  Duke  Chables  Theodobe  of  Bavaria  and  others,8  it 

*  Arch,  de  Physiol.  (5),  8,  572. 

*  Rubner,  Ludwig-Featschr.,  1887;  Loewy,  Berl.  klin.  Wochenschr.,  1891,  434; 
Johansson,  Skand.  Arch.  f.  Physiol.,  8. 

*  Speck,  1.  c;  Loeb,  Pfluger 's  Arch.,  42;  Ewald,  Journ.  of  Physiol.,  18. 
4  Cited  from  Maly's  Jahresber.,  22,  395. 

1  The  pertinent  literature  may  be  found  cited  by  Voit  in  Hermann  'a  Handbuch, 
6.  and  also  by  Speck,  L  c. 
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has  been  demonstrated  that  in  warm-blooded  animals  the  change  in  tht 
external  temperature  has  different  results  according  as  the  animal  *  ova 
heat  remains  the  same  or  changes.  If  the  temperature  of  the  animal  ants, 
the  elimination  of  carbon  dioxide  decreases;  if  the  temperature  rises,  ti» 
elimination  of  CO,  increases.  If,  on  the  contrary,  the  temperature  of  ti» 
body  remains  unchanged,  then  the  elimination  of  carbon  dioxide  ineresss) 
with  a  lower  and  decreases  with  a  higher  external  temperature,  1st 
statements  on  this  subject  are  somewhat  disputed  and  cases  have  beat 
observed  where  in  warm-blooded  animals  the  metabolism  rises  on  cooling 
and  lowering  the  body  temperature,  while  warming  and  raising  tits  body 
temperature  produces  a  diminution  (Khabup  *)• 

The  increase  in  metabolism  produced  by  a  lowering  of  the  extern*! 
temperature  is  explained,  according  to  PnttaBB  and  Ztjnts,  by  the  state- 
ment that  the  low  temperature,  by  exciting  a  reflex  action  in  the  sensitive 
nerves  of  the  skin,  causes  an  increased  metabolism  in  the  muscles  with  at 
increased  production  of  heat,  affecting  the  temperature  of  the  body,  wUs 
with  a  higher  external  temperature  the  reverse  takes  place.  The  experi- 
ments made  upon  animals  are  somewhat  uncertain  for  several  reasons,  bat 
the  determinations  of  the  oxygen  absorption,  as  well  as  the  elimination  of 
CO„  made  by  Speck,  Lokwt,  and  Johansson  '  in  human  beings,  have 
shown  that  oold  does  not  produce  any  essential  increase  in  the  metabolism 
of  man.  The  irritation  caused  by  oold  may  reflexly  cause  a  forced  respira- 
tion  with  an  action  on  the  gas  exchange,  and  weak  reflex  muscular  move- 
ments, such  as  shivering,  trembling,  etc.,  may  cause  an  insignificant  in- 
crease in  the  elimination  of  carbon  dioxide;  in  complete  muscular  inactivity 
cold  seems  to  cause  no  increased  absorption  of  oxygen  or  increased  meta- 
bolism. Eykman  *s  *  experiments  upon  inhabitants  of  the  tropics  also  show 
the  same  result,  namely,  that  in  human  beings  no  appreciable  heat  regula- 
tion occurs. 

Metabolism  is  increased  by  the  ingestion  of  food,  and  Zuntz  4  has  cal- 
culated that  in  man  the  consumption  of  oxygen  is  raised  on  an  average 
15  per  cent  above  the  amount  during  rest  for  about  six  hours  after  taking  a 
moderately  hearty  meal.  This  increase  in  the  metabolism  is  caused, 
according  to  the  generally  accepted  view,  probably  only  by  the  increased 
work  of  the  digestive  apparatus  on  the  partaking  of  food.  Rjasantzetf 
has  shown  that  the  extent  of  nitrogen  elimination  is  proportional  to  the 

1  J.  C.  Krarup,  Den  omgifvende  temperature  indflydeke,  etc.,  Inaug.-Diss.  .Kjoben- 
havn,  1902.  See  also  Falloise,  Maly's  Jahresber.,  31;  Predteschensky,  ibid;  Rubner, 
Arch.  f.  Hygiene,  38. 

'Speck,  1.  c;  Loewy,  Pfluger's  Arch.,  46;  Johansson,  Skand.  Arch.  f.  PhysioL,  7. 

•Virchow's  Arch.,  133,  and  Pfluger's  Arch.,  64. 

4  Zuntz  and  Levy,  "  Beitrag  zur  Kenntniss  d.  Verdaulicbkeit,  etc.,  des  Brodes," 
Pfluger's  Arch.,  49;  Magnus-Levy,  ibid.,  55;  Koraen,  Skand.  Arch.  f.  Physiol,  11; 
Johansson  and  Koraen,  ibid.,  13. 
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intensity  of  the  digestive  work.  It  also  follows  from  the  works  of  Magnus- 
Levy,  Koraen  and  Johansson  x  that  the  proteids  and  to  a  lesser  extent  the 
carbohydrates  even  by  themselves  produce  a  rise  in  metabolism  which 
does  not  seem  to  be  true  for  the  fats. 

VI-  The  Necessity  of  Food  by  Man  under  Various  Conditions. 

Various  attempts  have  been  made  to  determine  the  daily  quantity  of 
organic  food  needed  by  man.  Certain  investigators  have  calculated,  from 
the  total  consumption  of  food  by  a  large  number  of  similarly  fed  individuals — 
soldiers,  sailors,  laborers,  etc. — the  average  quantity  of  foodstuffs  required 
per  head.  Others  have  calculated  the  daily  demand  of  food  from  the  quan- 
tity of  carbon  and  nitrogen  in  the  excreta  or  calculated  it  from  the  exchange 
of  force  of  the  person  experimented  upon.  Others,  again,  have  calculated 
the  quantity  of  nutritive  material  in  a  diet  by  which  an  equilibrium  was 
maintained  in  the  individual  for  one  or  several  days  between  the  consump- 
tion and  the  elimination  of  carbon  and  nitrogen.  Lastly,  still  others  have 
quantitatively  determined  during  a  period  of  several  days  the  organic 
foodstuffs  consumed  daily  by  persons  of  various  occupations  who  chose 
their  own  food,  by  which  they  were  well  nourished  and  rendered  fully  capa- 
ble of  labor. 

Among  these  methods  a  few  are  not  quite  free  from  objection,  and  others 
have  not  as  yet  been  tried  on  a  sufficiently  large  scale.  Nevertheless  the 
experiments  collected  thus  far  serve,  partly  because  of  their  number  and 
partly  because  the  methods  correct  and  control  one  another,  as  a  good 
starting-point  in  determining  the  diet  of  various  classes  and  similar  ques- 
tions. 

If  the  quantity  of  foodstuffs  taken  daily  be  converted  into  calories 
produced  during  physiological  combustion,  we  then  obtain  some  idea  of 
the  sum  of  the  chemical  energy  which  under  varying  conditions  is  intro- 
duced into  the  body.  It  must  not  be  forgotten  that  the  food  is  never 
completely  absorbed,  and  that  undigested  or  unabsorbed  residues  are 
always  expelled  from  the  body  with  the  fseces.  The  gross  results  of  calories 
calculated  from  the  food  taken  must  therefore,  according  to  Rubner,  be 
diminished  by  at  least  8  per  cent.  This  figure  is  true  at  least  when  the  human 
being  partakes  of  a  mixed  diet  of  about  60  per  cent  of  the  proteids  as  ani- 
mal and  about  40  per  cent  of  the  proteids  as  vegetable  foodstuffs.  With 
more  one-sided  food,  especially  when  this  is  rich  in  undigestible  cellulose, 
a  much  larger  quantity  must  be  subtracted. 

The  following  summary  contains  a  few  examples  of  the  quantity  of 
food  which  is  consumed  by  individuals  of  various  classes  of  people  under 
different  conditions.  In  the  last  column  we  also  find  the  quantity  of  living 
force  which  corresponds  to  the  quantity  of  food  in  question,  calculated 

1  See  foot-note  4,  page  658. 
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as  calories,  with  the  above-stated  correction.    Hie  calories  are  therefore 
net  remits,  while  the  figures  for  the  nutritive  bodies  are  gross  remits. 

Fh*aidB-  ***•  °3Xir  <>***•■•    Aatfccrity. 

Bcldler  during  peace. 119  40  629  2784  Piatfahu1 

"    Kghteervioe. 117  85  447  2424  HnsSSMBt. 

44    infield. 140  4ft  804  2862             " 

Laborer. 130  40  550  2908  Molbbchott. 

attest. 137  72  852  2458  Fnrnciom and ▼« 

OafaineVinakar(40yean).  131  08  494  2835  Fosam.1 

Young  physician. 127  89  362  2602 

"            "       134  102  292  2476          M 

Laborer  (36  year.) 183  95  423  2902 

Enrifchamith. 176  71  666  3780  Plattai*. 

15       pugilist. 288  88  93  2189           «« 

Bavarian  wood-chopper. .    135  208  876  5589  Lnnrao. 

Laborer  in  Sikma. 80  16  552  2518  Mbxhw.* 

Seamstress  in  London 54  29  292  1688  Pulyvajh. 

Swedish  laborer. 134  79  485  8019  TTm  i  isi ITm—iMssT 

Japanese  student 88  14  622  2779  Busman.* 

"        shopman 55  0  894  1744  Tawaba.* 

It  is  evident  that  persons  of  essentially  different  weight  of  body  whs 
live  under  unequal  external  conditions  must  need  essentially  different  foci. 
It  is  also  to  be  expected  (and  this  is  confirmed-  by  the  table)  that  not  only 
the  absolute  quantity  of  food  consumed  by  various  persons,  but  aim  the 
relative  proportion  of  the  various  organic  nutritive  substances,  shows  con- 
siderable variation.  Results  for  the  daily  need  of  human  beings  in  general 
cannot  be  given.  For  certain  classes,  such  as  soldiers,  laborers,  etc, 
results  may  be  given  which  are  valuable  for  the  calculation  of  the  daily 
rations. 

Based  on  extensive  investigations  and  a  very  wide  experience,  Voir  has 
proposed  the  following  average  quantities  for  the  daily  diet  of  adults: 

Proteids.  Fat.  Carbohydrates.     Calories. 

For  men. 118  grams         56  grams         500  grams         2810 

But  it  should  be  remarked  that  these  data  relate  to  a  man  weighing 
70  to  75  kilos  and  who  was  engaged  daily  for  ten  hours,  in  not  too  fatigu- 
ing labor. 

The  quantity  of  food  required  by  a  woman  engaged  in  moderate  work 
is  about  four  fifths  that  of  a  laboring  man,  and  we  may  consider  the  fol- 
lowing as  a  daily  diet  with  moderate  work: 

Proteids.  Fat.  Carbohydrates.    Calorie*. 

For  women 94  grams         45  grams         400  grams         2240 


1  In  regard  to  the  older  researches  cited  in  this  table  we  refer  the  reader  to  Voit  in 
Hermann's  Handbuch,  6,  519. 

*  Ibid.,  and  Zeitschr.  f.  Biologic,  9. 

•  Armee-  und  Volksernahrung,  Berlin,  1880. 

4  Untersuchung  liber  die  Ernahrung  schwedischer  Arbeiter  bei  f  rei  gewahlter  Kost 
Stockholm,  1891.    Maly's  Jahresber.,  21. 

1  Cited  from  Kellner  and  Mori  in  Zeitschr.  f .  Biologie,  25 
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The  proportion  of  fat  to  carbohydrates  is  here  as  1 :  8-9.  Such  a  pro- 
portion occurs  often  in  the  food  of  the  poorer  classes  which  live  chiefly 
upon  the  cheap  and  voluminous  vegetable  food  while  this  ratio  in  the  food 
of  wealthier  persons  is  1 : 3-4.  It  would  be  desirable  if  in  the  above  rations 
the  fat  was  increased  at  the  expense  of  the  carbohydrates,  but  unfortu- 
nately on  account  of  the  high  price  of  fat  such  a  modification  cannot  always 
be  made. 

In  examining  the  above  numbers  for  the  daily  rations  it  must  not  be 
forgotten  that  the  figures  for  the  various  foodstuffs  are  gross  results.  They 
consequently  represent  the  quantity  of  these  which  must  be  taken  in,  and 
not  those  which  are  really  absorbed.  The  figures  for  the  calories  are,  on 
the  contrary,  net  results. 

The  various  foods  are,  as  is  well  known,  not  equally  digested  and 
absorbed,  and  in  general  the  vegetable  foods  are  less  completely  consumed 
than  animal  foods.  This  is  especially  true  of  the  proteids.  When,  there- 
fore, Voit,  as  above  stated,  calculates  the  daily  quantity  of  proteids  needed 
by  a  laborer  as  118  grams,  he  starts  with  the  supposition  that  the  diet  is  a 
mixed  animal  and  vegetable  one,  and  also  that  of  the  above  118  grams 
about  105  grams  are  absorbed.  The  results  obtained  by  Pfluger  and 
his  pupils  Bohland  and  Bleibtreu  1  on  the  extent  of  the  metabolism  of 
proteids  in  man  with  an  optional  and  sufficient  diet  correspond  well  with 
the  above  figures,  when  the  unequal  weight  of  body  of  the  various  persons 
experimented  upon  is  sufficiently  considered. 

As  a  rule,  the  more  exclusively  a  vegetable  food  is  employed,  the 
smaller  is  the  quantity  of  proteids  in  the  same.  The  strictly  vegetable  diet 
of  certain  people,  as  that  of  the  Japanese  and  of  the  so-called  vegetarians, 
is  therefore  a  proof  that,  if  the  quantity  of  food  be  sufficient,  a  person  may 
exist  on  considerably  smaller  quantities  of  proteids  than  Voit  suggests. 
It  follows  from  the  investigations  of  Hirschfeld,  Kumagawa  and  Klem- 
perer,  Siven,  and  others  (see  page  647)  that  a  nearly  complete  or  indeed 
a  complete  nitrogenous  equilibrium  may  be  attained  by  the  sufficient 
administration  of  non-nitrogenous  nutritive  bodies  with  relatively  very 
small  quantities  of  proteids. 

If  we  bear  in  mind  that  the  food  of  people  of  different  countries  varies 
greatly,  and  that  the  individual  also  takes  essentially  different  nourish- 
ment according  to  the  external  conditions  of  living  and  the  influence  of 
climate,  it  is  not  remarkable  that  a  person  accustomed  to  a  mixed  diet 
can  exist  for  some  time  on  a  strictly  vegetable  diet  deficient  in  proteids. 
No  one  doubts  the  ability  of  man  to  adapt  himself  to  a  heterogeneously 
composed  diet  when  this  is  not  too  difficult  of  digestion  and  is  sufficient 
in  quantity;  also  we  cannot  deny  that  it  is  possible  for  a  man  to  exist 
also  for  a  long  time  with  smaller  amounts  of  proteid  than  Voit  suggests, 

1  Bohland,  Pfluger '8  Arch.,  86;  Bleibtreu,  ibid.,  38. 
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namely  lis  grans.  Thus  0.  Nsuuamn1  experimented  on  himself  during 
746  days  in  three  series  of  experiments  and  hi-  diet  consisted  of  74.2  graaw 
protcid,  117  gramr  I  318  -rarns  carbohydrates  ( =2367  gross  cal 

with  a  Weight  of  70  kilos  and  with  ordinary  laboratory  work).  The-e 
figures  cannot  be  compared  with  those  obtained  by  Vorr's  worker,  weigh- 
ing 70  kilos,  whose  work  was  harder  than  a  tailor's  and  easier  than  a  black- 
smith's; for  example,  the  work  of  a  mason,  carpenter,  or  cabinet-maker. 
The  observations  made  thus  far  on  a  lower  proteid  consumption  gr 
reason  for  essentially  changing  Vorr's  figure.  Although  man  may 
satisfied  under  certain  circumstances  with  a  smaller  quant  i  roteid 

i  bhat  seleulated  by  Von?,  still  it  follow  thai  such  a  d 

also  the  moat  serviceable.     \.  >n  s  figures  are  only  given  for  certain  cases 
or  certain  categories  of  human  beings.     It  is  apparent  that  other  fig 
moat  be  taken  for  other  cases,  and  it  is  evident  that  the  daily  ration  given 
by  Von-  as  necessary  for  a  laborer  must  lie  altered  slightly  for  other  e 
tries  because  of  the  existing  conditions  in  middle   Europe,  where 
made  his  investigations.    The  numerous  compilations  (of  A  i  and 

others  ')  on  the  diet  of  different  families  in  America  have  given  the  h1 
07-113  grams  proteid  for  a  man,  and  the  very  careful  investigations  of 
;i:k\    and    Lwdkuohkn   have  shown  that  the  laborer  in   Sweden 
with   moderate  work,  and  an  average    body    weight    of    70.3 
optional  diet,  partakes  134  grams  proteid,  79  grams  fat,  and  522  grams 
carbohydrates.     The  quantity  of  p  than  is  necessary, 

according  to  Voit.     On  the  other  hand   LAPZOQUB1  found  67  grams  pro- 

for  Ahyssinians  and  81  grams  for  Malaysians  (per  body  wei 
kilos),  materially  lower  figures. 

If  we  compare  the  figures  on  page  GG0  with  the  average  figures  proj 
by  Voir  for  the  daily  diet  of  a  laborer,  it.  would  seem  at  the  first  glance  a* 
if  the  food  consumed  in  certain  cases  was  considerably  in  excess  of  the  need, 
while  in  other  cases,  as,  for  instance,  that  of  a  seamstress  in  London,  it  was 
entirely  insufficient.     A  positive  conclusion  cannot,  therefore,  be  drawn  if 
we  do  not  know  the  weight  of  the  body,  as  well  as  the  labor  performed  hy 
the  person,  and  also  the  conditions  of  living.    It  is  certainly  true  that 
amount  of  nutriment  required  by  the  body  is  not  direr 
the  body  weight,  for  a  small  body  consumes  relatively  more  substanc 
than  a  larger  one,  and  varying  qtiantities  of  fat  may  also  cause  a  difference; 
but  a  large  body,  which  must  maintain  a  greater  quantity,  consumes  an 


1  Arch.  f.  Hygiene,  4">. 

*  Atwutcr,  Deport  of  the  Storra  Agric.  Expt.  Station.  Conn.,  1891-1805  and  ISMi; 
also  Nutrition  Investigations  at  the  U\  of  Tennessee,  1896  and  i 

Dept.  of  Agriculture,  Bull.  S3,  1898.     See  ulso  At  water  aud  Br  BuZL  7J 

Jaffa,  t&i'rf.,  84;  Grindley,  Sanirnia,  and  others,  ibid.,  91. 

1  IJultgrcn  and  Landergn-n,  1.  c. ;    Lapicque,  Arch,  de  Physiol  (5),  G. 
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absolutely  greater  quantity  of  substance  than  a  small  one,  and  in  estimat- 
ing the  nutritive  need  one  must  also  always  consider  the  weight  of  the  body. 
According  to  Voit,  the  diet  for  a  laborer  with  70  kilos  body  weight  requires 
40  calories  for  each  kilo.  Ekholm  l  calculates,  basing  it  upon  his  experi- 
ments, that  for  a  man  weighing  70  kilos,  busied  with  reading  and  writing, 
the  net  calories  are  2450  and  the  gross  calories  2700,  or  35  and  38.5  calories 
per  kilo.  The  minimum  figure  for  metabolism  during  sleep  and  in  as 
complete  rest  as  possible  has  been  found  by  Sond£n,  Tigekstedt  and 
Johansson  a  to  be  24-25  calories. 

As  several  times  stated  above,  the  demands  of  the  body  for  nourishment 
vary  with  different  conditions  of  the  body.  Among  these  conditions  two 
are  especially  important,  namely,  work  and  rest. 

In  a  previous  chapter,  in  which  muscular  labor  was  spoken  of,  it  was 
seen  that  all  foodstuffs  have  nearly  the  same  power  of  serving  as  a  source 
for  muscular  work,  and  that  the  muscles,  it  seems,  select  that  foodstuff 
which  is  supplied  to  them  in  the  greatest  quantity.  As  a  natural  sequence 
it  is  to  be  expected  that  muscular  activity  requires  indeed  an  increased  sup- 
ply of  foodstuffs,  but  no  essential  change  in  the  relation  of  the  same,  as 
compared  to  rest. 

Still  this  does  not  seem  to  hold  true  in  daily  experience.  It  is  a  well- 
known  fact  that  hard-working  individuals — men  and  animals — require  a 
greater  quantity  of  proteids  in  the  food  than  less  active  ones.  This  contra- 
diction is,  however,  only  apparent,  and  it  depends,  as  Voit  has  shown,  upon 
the  fact  that  individuals  used  to  violent  work  are  more  muscular.  For 
this  reason  a  person  performing  severe  muscular  labor  requires  food  con- 
taining a  larger  proportion  of  proteids  than  an  individual  whose  occupation 
demands  less  violent  exertion.  Another  fact  is  that  the  diet  rich  in  pro- 
teids is  often  concentrated  and  less  bulky,  and  also  that  in  many  cases  of 
training  a  diet  containing  as  little  fat  as  possible  is  selected. 

If  we  compare  the  results  for  the  needs  of  food  in  work  and  rest  which 
are  obtained  under  conditions  which  can  be  readily  controlled,  it  is  found 
that  the  above  statements  are  confirmed  in  general.  As  example  of  this 
the  following  table  gives  the  rations  of  soldiers  in  peace  and  in  the  field 
and  the  average  figures  from  the  detailed  data  of  various  countries.' 

A.  Peace  Ration.  B.  War  Ration. 

Proteids.  Fat.  Carbohydrates  ProteidB.  Fat.  Carbohydrate*. 

Minimum. 108  22            504                126  38            484 

Maximum. 165  97             731                 197  95             688 

Mean. 130  40             551                 146  59             557 

» Skand.  Arch.  f.  Physiol.,  11.  ~~~ 

1  Sonden  and  Tigerstedt,  Skand.  Arch.  f.  Physiol.,  •;  Johansson,  ibid.,  7;  Tiger- 
stedt,  Nord.  Med.  Arkiv.  Feet  band,  1897. 

1  Germany,  Austria,  Switzerland,  France,  Italy,  Russia,  and  the  United  States.  It  is 
not  known  ty  the  author  whether  these  figures  have  been  changed  in  the  last  few 
years  in  the  various  countries,  and  hence  whether  they  must  be  modified  or  not. 
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The  following  figures  for  the  daily  ration  are  obtained  from  the  above 
averages: 

Proteids.  Fit.         Carbohydrates.       Calorie*. 

In  peace 130  40  551  2900 

In  war 146  59  557  3250 

If  we  calculate  the  fat  in  its  equivalent  quantity  of  starch,  thai  the 
relation  of  the  proteids  to  the  non-nitrogenous  foods  is; 

In  peace. 1  :  4.97 

In  war. 1  :  4.79 

The  relation  in  both  cases  is  nearly  the  same.  Similar  results  are 
obtained  when  we  start  with  Vorr's  figures  for  a  soldier  in  manoeuvre  A 
(hard  work)  and  B  (strenuous  work)  in  war. 

Proteids.  Fit.         Carbohydrates.        Caloric 

A 135  80  500  S013 

B, 145  100  500  3218 

The  relation  here,  when  the  fat  is  recalculated  as  starch,  in  both  casea  is 
the  same,  or  equal  to  1 : 5. 

If  we  calculate  that  portion  of  the  total  calories  supplied,  which  falls  to 
each  group  of  the  foodstuffs,  it  is  found  that  16-19  per  cent  comes  from  the 
proteid  in  rest  as  well  as  with  medium  and  strenuous  work.  For  the  fat 
and  the  carbohydrates  the  variations  are  greater;  the  chief  quantity  of 
calories  comes  from  the  carbohydrates.  Of  the  total  calories  16-30 
per  cent  comes  from  the  fat  and  50-67  per  cent  from  the  carbohydrates. 

The  importance  of  the  food-demand  for  working  individuals  is  shown 
by  the  figures  given  on  page  660  for  a  wood-chopper  in  Bavaria.  A  need 
of  more  than  4000  calories  occurs  only  seldom,  and  with  very  hard  work 
the  demand  may  rise  even  to  7000  calories  (Atwater  and  Bryant,  Jaffa  '). 

As  more  work  requires  an  increase  in  the  absolute  quantity  of  food,  so 
the  quantity  of  food  must  be  diminished  when  little  work  is  performed. 
The  question  as  to  how  far  this  can  be  done  is  of  importance  in  regard  to 
the  diet  in  prisons  and  poorhouses.  We  give  below  the  following  as  exam- 
ple of  such  diets: 

Proteids.  Fat.  Carbohydrate*.  Calories- 
Prisoner  (not  working) . .  87  22  305             1667  Schwixb.* 

..  85  30  300            1709  Vorr. 

Man  in  poorhouse. 92  45  232             1985  Fobstbr.* 

Woman  in  poorhouse. .. .  80  49  266            1725         " 

The  figures  given  by  Voit  are,  he  says,  the  lowest  reported  for  a  non- 


1  See  foot-note  2,  page  662. 
'See  Voit,  Unterauchung  der  Kost. 
Maly's  Jahresber.,  80. 
'Ibid..  186. 


Miinchen,  1877,  142.    See  alao  HinohfeW, 
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working  prisoner.    He  considers  the  following  as  the  lowest  diet  for  old 
non-working  people: 

Protoids.  Fat.         Carbohydrate.      Caloriea. 

Men 90  40  350  2200 

Women. 80  35  300  1733 

In  calculating  the  daily  diet  it  is  in  most  cases  sufficient  to  ascertain 
.  how  much  of  the  various  foodstuffs  must  be  administered  to  the  body  in 
order  to  keep  it  in  the  proper  condition  to  perform  the  work  required  of 
it.  In  other  cases  it  may  be  a  question  of  improving  the  nutritive  con- 
dition of  the  body  by  properly  selected  food;  and  there  also  are  cases  in 
which  it  is  desired  to  diminish  the  mass  or  weight  of  the  body  by  an  insuf- 
ficient nutrition.  This  is  especially  the  case  in  obesity,  and  all  the  die- 
taries proposed  for  this  purpose  are  chiefly  starvation  cures  which  will  be 
shown  below  from  those  selected,  namely,  Habvey,  Ebstein  and  Oertel's 
cure. 

The  oldest  and  most  generally  known  diet  cure  for  corpulency  is  that  of 
Harvey,  which  is  ordinarily  called  the  Banting  method.  The  principle 
of  this  cure  consists  in  increasing,  as  far  as  possible,  the  consumption  of 
the  accumulated  fat  of  the  body  by  as  limited  a  supply  of  fat  and  carbo- 
hydrates as  practicable  and  a  simultaneously  increased  supply  of  proteids. 
A  second  called  Ebstein  's  cure,  based  on  the  assumption  (not  correct) 
that  the  fat  of  the  food  is  not  accumulated  in  a  body  rich  in  fat,  but  is 
completely  burnt.  In  this  cure  large  quantities  of  fat  are  therefore  allowed 
in  the  food,  while  the  quantity  of  carbohydrates  is  diminished  very  mate- 
rially. The  third  cure,  called  Oertel's  *  cure,  is  based  on  the  correct 
view  that  a  certain  quantity  of  carbohydrates  has  no  greater  influence 
in  the  accumulation  of  fat  than  the  isodynamic  quantities  of  fat.  In  this 
cure,  therefore,  carbohydrates  as  well  as  fat  are  allowed,  provided  the 
total  quantity  of  the  same  is  not  so  great  as  to  hinder  the  decrease  in  the 
fatty  condition.  A  greatly  diminished  supply  of  water  is  also  one  of  the 
features  of  Oertel's  cure,  especially  in  certain  cases.  The  average  quan- 
tity of  the  various  nutritive  substances  supplied  to  the  body  in  these  three 
cures  is  as  follows,  and  we  give  also  for  comparison  in  the  same  table  Voit's 
diet  necessary  for  a  laborer. 

Protaids.  Fat.  Carbohydrate.  9^°2? 

Harvey-Banting 's  cure 171              8  75  1083 

Ebstein 's  cure 102  85  47            1396 

Oertel's     "    156  22  72             1140 

"    (max.) 170  44  114              1573 

Laborer,  according  to  Vorr 118  56  500            3055 

1  Banting,  Letter  on  Corpulence.  London,  1864.  Ebstein,  Die  Fettliebigkeit  und 
ihre  Behandlung.  1882.  Oertel,  Handbuch  der  allg.  Therapie  der  Kreislaufstorungen. 
1884. 
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n  all  cases  is  recalculated  in  starch,  then  the  proportion 
i  to  the  carbohydrates  is: 

-Baiting  's  cure. ■»»••»..-•*».« 100  !    M 

's  cure 100  :  240 

.'a     "  ..,.,.,. 100:    80 

"    (max.) , 100  ■  129 

er 100  :  530 


jc  cures  for  corpulence  the  quantity  of  non-nitrogenous  bodies 

i  compared  with  the  proteids;   but  also  the  total  quantity 

iOwn  by  the  number  of  calories,  is  eonsiderabty  diminished. 

Ijanting's  cure  differs  from  the  others  in  a  relatively  very 

er  quantity  of  proteids,  while  the  total  number  of  calories  in  it 

.afloat.     On  this  account  this  cure  acts  very  quickly*   but  it  is 

a  more  dangerous  and  more  difficult  to  accomplish.     In  thi* 

U  stein '8  and  Oertel's  cures  (especially  Oertel's),  having  a 

I      iter  variation  in  the  selection  of  food,  are  better.     As  the  adipose 

up  has  a  proteid-sparing  action,  we  have  to  consider  in  using  th^e 

ially  Banting's,  that  the  destruction  of  proteids  in  the  body 

4      •  ased  in  the  adipose  tissue,  and  one  must  therefore  carefully  watrh 

the  nation  of  nitrogen  by  the  urine.    All  diet  cures  for  obesity  are 

mo      ^er,  as  above  stated,  starvation  cures;    and  if  the  daily  quantity 

of  food  required  by  an  adult  man,  represented  as  calories,  is  in  round 

numbers  2500  calories  (according  to  the  average  figures  found  by  Fobstbk 

in  the  case  of  a  physician),  then  one  immediately  sees  what  a  considerable 

■  part  of  its  own  mass  the  body  must  daily  give  up  in  the  above  cures.    This 

reminds  us  of  the  great  care  necessary  in  employing  them;  each  special 

case  should  be  conducted  with  regard  to  the  individuality,  the  weight  of 

the  body,  the  elimination  of  nitrogen  in  the  urine,  etc.,  etc.,  and  always 

under  strong  control,  and  only  by  a  physician,  never  by  a  layman.   A 

more  detailed  discussion  of  the  many  conditions  which  must  be  considered 

in  these  cases  does  not  enter  into  the  plan  and  scope  of  this  work. 
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I.  Animal  Foodstuff!. 


o.  Meat  without  Bones. 

Fat  beef  ■ 

Beef  (average  fat  •). 

Beef  » 

Corned  beef  (average  fat) . , 

Veal 

Horae,  salted  and  smoked 

Smoked  ham , 

Pork,  salted  and  smoked  ' 

Meat  from  bare, 

"     chicken 

h         «     partridge 

"     wild  duck 

b.  Meat  with  Sokes. 

Fat  beef  ■ 

Beef  (average  fat ') 

Beef,  slightly  corned,  .,,,..,.. 

Beef,  thoroughly  corned 

Mutton,  very  fat. , 

"        average  fat ...... 

Pork,  fresh,  fat 

"      corned,  fat 

Smoked  ham ...,,,,. 

c.  Fishes. 

River  eel,  fresh,  entire. 

Salmon,       "  "      . . 

Anchovy,    "  "     

Flounder,    "  " 

River  perch,  fresh,  entire 

Torek,  "  "     

Pike,  "  "...... 

Herring,  salted,  entire 

Anchovy,    "  "     ,  , 

.Salmon  (Bidet,  salted 

Kaheljau  (salted  haddock) 

Codfish  (dried  lingt 

"        (dried  torek) 

Fish-meal  from  variety  of  G Antra 


1000  Parts  contain 

Relationship  of 
1  2:3. 

1 

2 

3 

4 

5 

a 

1 

a 

A 

ii 

II 

f 

i 

I* 

i 

i 

■ 

s 

is 

183 

166 

n 

640 

100 

90 

0 

190 

98 

18 

688 

100 

50 

0 

190 

120 

18 

672 

100 

63 

0 

218 

115 

117 

550 

100 

53 

0 

190 

80 

13 

717 

100 

42 

0 

318 

65 

125 

492 

100 

20 

0 

255 

365 

100 

280 

100 

143 

0 

100 

660 

40 

130 

100 

660 

0 

233 

11 

12 

744 

100 

B 

n 

195 

93 

11 

701 

100 

48 

0 

253 

14 

11 

719 

100 

6 

0 

246 

31 

12 

711 

100 

13 

0 

156 

141 

9 

.".11 

150 

100 

90 

0 

167 

83 

15 

585 

150 

100 

49 

0 

175 

93 

85 

480 

167 

100 

53 

0 

190 

100 

100 

430 

ISO 

100 

53 

0 

135 

332 

8 

437 

88 

100 

246 

0 

100 

160 

10 

520 

150 

100 

100 

0 

100 

460 

6 

365 

70 

100 

460 

0 

120 

540 

60 

200 

80 

100 

450 

0 

200 

300 

70 

340 

90 

100 

150 

0 

89 

220 

6 

352 

333 

100 

246 

0 

121 

67 

10 

469 

333 

100 

56 

0 

128 

39 

11 

1  si  t 

333 

100 

31 

0 

145 

14 

11 

580 

250 

100 

9 

0 

100 

2 

8 

440 

450 

100 

2 

B 

86 

1 

8 

455 

450 

100 

1 

0 

82 

1 

6 

461 

450 

100 

1 

0 

140 

140 

100 

280 

340 

100 

100 

0 

116 

13 

107  i 

334 

100 

100 

37 

0 

200 

108 

132 

460 

100 

100 

54 

0 

246 

4 

178 

472 

100 

100 

1 

0 

532 

5 

106 

257 

11)11 

100 

1 

0 

665 

10 

59 

116 

150 

l(Wi 

1 

0 

736 

7 

87 

170 

UHt 

1 

t) 

1  The  results  in  the  following  tables  are  chiefly  compiled  from  the  summary  of  Alm4n  and  of 
KOnio.  We  here  designate  as  "waste"  that  part  of  the  foods  which  is  lost  in  the  preparation 
or  that  which  la  not  used  by  the  body;  for  instance,  bones,  skin,  egg-shells,  and  the  cellulose 
vegetable  foods. 

*  Meat  such  as  is  ordinarily  sold  in  the  markets  in  Sweden. 

I  Pork,  chiefly  from  the  breast  and  belly,  such  as  occurs  in  the  radons  of  Swedish  soldiers. 
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TABLE  1.— FOODS— (Continued). 


i,  *"i«"«i  Foodstuffs. 


1000  Puts  contain 


M 

II 

P 


RaUckAibp  of 
1:2:3. 


rf.  Inner  Ohgaxr  (Fresh). 

Brain. 

Beef -liver 

Beef-heart 

Heart  and  lungs  of  mutton. 

Veal-kidney, 

Ox  tongue  (fresh) 

Blood  from  various  animals  (av- 
erage results). . . 

e.  Other  Animal  Foods. 
Variety  of  pork-sausage  (Mett- 

wuret).  , 

Same  for  frying 

Butter. 

Lard 

Meat  extract. 

Cow's  milk  (full) 

"         "     (skimmed) 

Buttermilk. 

Cream 

Cheese  (fat) 

"       (poor) 

Whey  cheese  (poor). , 

Hen's  egg,  entire 

"       "     without  shell.  .  , 

Yolk  of  egg 

White  of  egg ,.,.,,... 

a.  Vegetable  Foodstuffs, 

Wheat  ^grains) , 

Wheat-flour  (line) 

"         "     (very  fine) 

Wheat-bran 

Wheat-bread  (fresh).  .  , 

Macaroni 

Rye  (grains) , 

Rye-flour. 

Rye-bread  (dry). 

,l      (fresh,  coarse)....... 

11      (fresh,  fine) 

Barley  (grains) 

Scotch  barley 

Oat  (grains). 

"    (peeled) 

I'nni.  ,  ,  ,  .  , ,..,,,,,.., 

Rice  (peeled  for  boiling) 

French  beans 

Peas  (yellow  or  green,  dry).  .  . . 
F7our  from  peas 


116 
106 
184 
163 
221 
150 

182 


100 

220 

7 

3 

304 

35 

35 

41 

37 

230 

334 

89 

106 

122 

160 

103 


123 

110 

92 

150 

88 

90 

115 

115 

114 

77 

80 

111 

110 

117 

140 

101 

70 

232 

220 

270 


103 
56 
92 

106 
38 

170 

s 


150 
160 
850 
990 

35 

7 

9 

257 

270 

66 

70 

93 

107 

307 

7 


17 
10 
11 
39 

10 
3 
17 
15 
20 
10 
11 
21 
10 
60 
60 
58 
7 
21 
15 
15 


11 


50 
50 
38 

35 

40 

50 

456 

4 

5 


676 
740 
768 
439 
550 
768 
688 
720 
725 
480 
514 
654 
720 
563 
660 
656 
770 
537 
530 
520 


11 
17 
10 
10 

13 
10 


50 
55 
15 

175 

7 

7 

7 

6 

60 

50 

56 

8 

10 

13 

8 


18 

8 

3 

50 

17 

8 

is 

20 

15 

16 

11 

26 

7 

30 

20 

17 

2 

86 

25 


770 
720 
714 
721 
728 
670 

807 


610 
.50.5 
119 
7 
217 
873 
901 
905 
665 
400 
500 
329 
654 
756 
520 
875 


140 
120 
120 
130 
330 
131 
140 
110 
1111 
400 
370 
Hi) 
14fi 
130 
100 
140 
146 
137 
150 
125 


135 


26 

12 

6 

192 

5 

22 
20 
16 
17 
11 
48 

7 

100 

20 

28 

5 
37 
60 
45 


100 
100 
100 
100 
100 
100 

100 


100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


90 
281 
50 
&5 
17 
113 


79 
73 

12100 
33000 

100 
2i. 
22 

ON 

117 
19 
79 


192 


0 

0 

100 

Q 

143 
143 


17 

IS 

512 

4 

4 

0 

7 


549 
BM 
M 

2S3 

853 

1.-  m 


m 

623 
634 

m 

65+ 
181 
471 
662 
1100 
231 
HO 


VEGETABLE  FOODS  AND  LIQUORS. 
TABLE  I.— FOODS—  (Continued). 
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1000  Part*  oonUin 

Relationship  of 

a.  Vegetable  Foodstuff*. 

V 

2 

i 

3 

H 

4 

i 

6 

1 

6 

1 

1 

:2 

3 

20 

14 

10 

25 

19 

27 

31 

14 

10 

12 

32 

219 

4 

5 

242 

140 

2 
2 
2 
4 
2 
1 
5 
3 
1 
1 
4 
25 

537 
480 

200 
74 
90 
50 
49 
66 
33 
22 
23 
38 
60 

412 

130 
90 
72 

180 

10 
7 

10 
8 

12 
6 

19 

10 
4 
7 
9 

61 
3 
6 

29 

50 

760 
893 
873 
904 
900 
888 
908 
944 
956 
934 
877 
160 
832 
849 
54 
55 

8 

10 

15 

9 

18 

12 

8 

7 

6 

8 

18 

123 

31 

50 

66 

95 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

10 
14 
20 
16 
11 

4 
16 
21 
10 

8 
12 
12 

222 
343 

1030 

529 

900 

200 

258 

244 

106 

157 

230 

317 

Edible  mushrooms  (average). . . 
Same  dried  in  the  air  (average).. 

188 

188 

3250 

Various  berries  (average) 

1800 
30 

129 

TABLE  II.— MALT  LIQUORS. 


1000  Parts  by  Weight  contain 


W 


Porter. 

Beer  (Swedish) 

"     (Swedish  export). 

I)raught-beer 

Lager-beer 

Bock-beer, 

Weiss-beer 

Swedish  "Svagdricka" 


871 

887 
885 
911 
903 
881 
916 

945 


54 

28 
32 
35 
40 
47 
25 

22 


M 


55 
58 
72 
fit 


13 


15 
7 
S 

4 
0 

•5 


10 
7 

13 


65 
73 


31 
47 


3.0 


2.0 
1.5 
1.7 
4.0 


23 


Bordeaux  wine 

White  wine  (Rheingau) 

Champagne 

Rhine  wine  (sparkling). 

Tokay 

Sherry. . 

Port  wine 

Madeira 

Marsala. 

Swedish  punch 

Brandy 

French  cognac.  .  , 
Liqueure 


3 

W* 

1 

i& 

9 

883 

94 

863 

115 

778 

90 

801 

94 

808 

120 

795 

170 

774 

164 

791  | 

156 

790 

1154 

479 

263 

— 

460 

— 

550 

~— 

442-590 

23 
23 
134 
105 
72 
35 
62 
53 
46 


6 
4 

115 
87 
51 
15 
40 
33 
35 

332 


5.9 
5.0 
6.0 
6.0 
7.0 
5.0 
4.0 
5.0 
5.0 


1.0 
1.0 
9.0 
6.0 
2.0 
3.0 
4.0 


2.0 
2,0 
1.0 

2.0 
3  0 
5.0 
3.0 
3.0 
4.0 


—     260-475 


INDEX   TO  SPECTRUM  PLATE.  671 


SPECTRUM  PLATE. 

1.  Absorption  spectrum  of  a  solution  of  oxyhemoglobin. 

2.  Absorption  spectrum  of  a  solution  of  haemoglobin,  obtained  by  the  action  of  an 

ammoniacal  ferro-  tartrate  solution  on  an  oxyhemoglobin  solution. 

3.  Absorption  spectrum  of  a  faintly  alkaline  solution  of  methosmoglobin. 

4.  Absorption  spectrum  of  a  solution  of  hamatin  in  ether  containing  oxalic  acid. 

5.  Absorption  spectrum  of  an  alkaline  solution  of  harmaiin. 

6.  Absorption  spectrum  of  an  alkaline  solution  of  hcemochromogen,  obtained  by  the 

action  of  an  ammoniacal  ferro-tartrate  solution  on  an  alkaline-hsematin  solution. 
7   Absorption  spectrum  of  an  acid  solution  of  urobilin. 

8.  Absorption  spectrum  of  an  alkaline  solution  of  urobilin  after  the  addition  of  a  sine- 

chloride  solution. 

9.  Absorption  spectrum  of  a  solution  of  lutein  (ethereal  extract  of  the  egg-yolk). 


INDEX. 


Absorption,  844—857 

,  action   of   putrefactive  pro- 
cesses in  the  intestine  on, 
838 
Absorption  ratio,  183 

of  the  blood  pigments, 
183 
Acceptor,  6 
Accipenserin,  47 

Acetanilid,  behavior  in  animal  body,  542 
Acethsemin,  178 

Acetic  acid  in  intestinal  contents,  333 
in  gastric  contents,  313,  316 
,  passage  of,  into  urine,  520, 539 
Aceto-acetic  acid,  576 

in  urine,  534,  573 
Acetone,  575 

in  urine,  573 
Acetonuria,  573 

Acetophenone,  behavior  in  body,  545 
Acetylene,  compound  with  haemoglobin, 

174 
Acetyldichitosamine,  589 
Acetyl  equivalent,  114 
Acetyl  acid  equivalent,  114 
Acetyl-amino  benzoic  acid,  544 
Acetylparaminophenol,  542 
Achilles  tendon,  composition  of,  859 
Acholia,  pigmentary,  277 
Achromatin,  124 
Achroo-dextrin,  105 
Acid  albuminates,  26 

,  properties,  35,  36 
,  formation  in  peptic  di- 
gestion, 303 
,  absorption  of,  345 
Acid  amines,  behavior  in  the  aniinal  body, 

539 
Acid  equivalent,  113 
Acid  fermentation  of  urine,  581 
Acid  haemoglobin,  172 
Acid  rigor,  393 
Acids,   organic,  behavior  in  the  animal 

body,  464,  534,  539 
Acidity  of  urine,  463,  464 

of  the  gastric  contents,  314 
of  the  muscles,  376,  398 
Acrite,  92 


Acrolein,  109 

Acrolein  test,  109, 112 

Acroses,  92 

Acrylic  acid  diureid.    See  Uric  acid. 

Actiniochrom,  593 

Adamkiewicz-Hopkin's  reaction,  31,  82 

Adelomorphic  cells,  295 

Adenine,  131,231 

,  properties,  reaction,  and  occur- 
rence, 135 
In  urine,  494 
Adhesion,  importance  in  blood  coagula- 
tion, 190, 191 
Adipooere,  372 
Adrenalin,  237 

■  relation  to  glycosuria,  256 
jEgagropila,  344 
/Erotonometric  method,  610 
Age,  influence  on  metabolism,  654 
Agglutins,  17 

Alanin,  21,  24,  41,  58,  61,  67 
Albumins,  26 

,  general  properties.  33 
,  conversion  into  globulin,  34 
.    See  also  the  various  albumins. 
Albumin,  detection  of ,  in  urine,  550, 552 
,  quantitative      estimation      in 
urine,  552 
See  Proteids. 
Albuminates,  26 

,  properties    and    reactions, 

,  ferruginous   albuminate  in 
the  spleen,  232 
Albuminoids,  26,  57 

in  cartilage,  59,  860,  363 
in  the  lens  fibres,  418 
Albumoids,  26,  57 

in  tracheal  cartilage,  58,  860, 

363 
in  lens  fibres,  418 
Albuminose,  in  spermatozoa,  421 
Albuminous  bodies.     See  Proteids. 
Albumoses.     See  Proteoses. 
Alcapton  and  alcaptonuria,  506,  511 — 513 
Alcohol.     See  Ethyl  alcohol. 
Alcohols,  behavior  in  animal  body,  540 
Alcoholic  fermentation,  9,  11,  88,  93 
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Alcoholic  fermentation  In  intestine, 334 

by  tissue  enzymes,  9 
Aldehydases  of  the  liver,  8 
Aldehydes,  behavior  in  the  animal  body, 

540 
Aleuron  grains,  426 
Alexines,  156 
Aldoses,  84 

Alimentary  glycosuria,  255,  350 
Alizarin  in  the  urine,  547 
Alkali  albuminates,  26,  20 

,  properties  and  reac- 
tions, 35—36 
,  occurrence      in      the 

brain,  406 
,  occurrence  in  smooth 

muscles,  404 
,  absorption  of,  345 
,  Lieberkuhns  alkali  al- 
buminate, 35 
Alkali  albumoeo,  37 

Alkali    carbonates,    physiological    impor- 
tance, 636 
,  importance  for  gaseous 
exchange,  600r-6Q4 
,  action  on  secretion  of 

gastric  juice,  297 
,  action  on  secretion  of 
pancreatic  juice,  322 
.     See    various    tissues 
and  fluids. 
Alkalies,  relation    to    gaseous     exchange, 
187,  188 
,  diffusible  and   non-diffusible  in 

blood,  188 
,  division  of,  in  blood  corpuscles 

and  plasma,  188.  201 
.     See  also  the  various  fluids  and 
tissues. 
Alkali  phosphates  in  urine,  463,  491,  529 
,  occurrence.      _  See  the 
various    fluids    and 
organs. 
Alkali  proteose,  37 
Alkali  urates,  462,  491 

in  calculi.  582 
in  sediments,  462,  491.  582 
Alkali  earths,  elimination    bv    the    intes- 
tine, 529,  530 
in  urine.  535 
in  bones,  365,  306 
,  insufficient  supply  of,  368, 
636 
Akaline  fermentation  of  urine,  581 
Alkalinity,  determination  of.  in  blood,  160 
Alkaloids,  action  on  muscles,  393 

,  passage  of.  into  urine,  547 
,  retention  by  the  liver,  239 
Alkyl  sulphide  of  the  skunk,  594 
Allantoic  fluid,  435 

Allantoin,  properties  and  occurrence,  499, 
500 
in  transudates,  219,  435 
,  formation  from  uric  acid,  489, 
499 


Alloxan,  25,  484 

All  ox  uric  bases,  130,  494,  495,  496 

Alloxuric  bodies,  130 

Alloxyproteic  acid,  524,  525 

Almen-Bottger-Nvlander's  sugar  test,  94, 

562 
Ambergris,  344 
Am  brain,  344 
Amid  nitrogen,  18,  19 
Amino  acids,  relation  to  formation  of  uric 
acid,  488 
,  relation  to  formation  of  urea, 

469,  539 
r  formation    in    putrefaction, 

21.334 
,  formation  from  protein  sub- 
stances,  21,   24,  66-%, 
334 
,  formation   in   tryptic  diges- 
tion, 329 
,  separation  and  preparatko, 

73 
,  behavior  in  the  animal  bod v, 
539 
Amino-acetic  acid.     See  Glycocoll. 
Amino-benzoic  acids,  behavior  in  the  ani- 
mal body,  544 
Amido-caproie  acid.      SeeLeucin. 
Amino-cerebrinic  acid  chloride,  412 
Amino-cerebrinic  acid  gluceside,  411 
Amino-cinnamic  acid,  542 
Amioo-glutaric  acid,  24,  71 
Amino-ethyl  snlphonic  acid.     Pee  Taurin. 
Amino-phenyl-Hcetic  acid,  behavior  in  ani- 
mal body  ,"543 
Amino-phenyl-propionic  acid,  formation  in 

the  putrefaction  of  [iroteids,  22,  501 
Amino-phenyl-propionic  acid,  behavior  in 

the  animal   body,  543 
Amino-propionic  acid,  67 
Amino-pyrotartaric  acid.     See  Glutamic 

acid. 
Amino  sugar,  23,  51 
Amino-succinic  acid.     See  Aspartic  acid. 
Amino-thiolactie  acid,  behavior  in  the  ani- 
mal body,  540 
Amino-valerianic  acid,  21 ,  24, 41 ,  58,  €0, 6$ 
Amidulin,  104,  290 

Ammonia,  formation  in  proteid  putrefac- 
tion, 334 
,  formation    from    protein  sub- 
stances, 2d.  25,  329,  334 
,  formation  in  trvptic  digestion, 

329 
,  occurrence  in  blood,  202.  470, 

534 
,  occurrence  in  urine,  464,  4f& 

533 
.elimination    after    administra- 
tion of  mineral  acids, 4C4. 534 
,  elimination  in  disease,  534 
,  elimination  in  diseases  of  the 

liver,  468 
,  after  extirpation  or  atrophy  of 
the  liver,  472 
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Ammonia,  estimation  of,  in  urine,  535 
Ammonium  salts,  relation  to  formation  of 
glycogen,  248 
,  relation  to  formation  of 

urea,  470—472 
,  relation  to  formation  of 
uric  acid,  487 
Ammonium-magnesium  phosphate  in  uri- 
nary calculi,  585 
Ammonium-magnesium  phosphate  in  in- 
testinal calculi,  343 
Ammonium-magnesium  phosphate  in  uri- 
nary sediment,  583 
Ammonium  sulphate,  method  of  separat- 
ing proteoses,  38, 
40,43 
,  method  of  separat- 
i  n  g       carbohy- 
drates, 106,  245 
Ammonium  urate  in  urinary  sediments, 
584,585 
in  urinary  calculi,  582 
Amniotic  fluid,  435 
Amphicreatine,  386 
Amphopeptone,  39 
Amygdalin,  14 
Amylodextrin,  105 
Amyloid,  26,  54,  361 

,  vegetable,  107 
Amyloid  degeneration,  bile  in,  277 

,  chondroitin  -  sul- 
phuric   acid    in 
the  liver  in,  361 
Amylolytic  enzymes,  13,  318,  324 
Amylopsin,  324 
Amylum.    See  Starch. 
Anaemia,  pernicious,  208 
Aniline,  behavior  in  the  animal  body,  542 
Anisotropous  substance,  376 
Antedonin,  593 
Antialbumate,  303 
Antialbumid,  303 
Antialbumose,  38 
Antienzymes,  17,  155,  299,  318 
Antifebrin,  relation  to  elimination  of  uro- 
bilin, 517 
Antimony,  passage  of,  into  milk,  459 

,  action  on  the  elimination  of 
nitrogen,  468 
Anti peptone,  39,  41,  44,  45 
Anti pyrin,  relation  to  formation  of  gly- 
cogen, 248 
,  action  on  the  urine,  546 
Antitoxins,  17 
Anuria,  in  cholera,  596 
Aorta  elastin,  59 
Apatite  in  bone-earths,  366 
Arabinose,  85,  87,  88,  90 

,  relation  to  formation  of  gly- 
cogen, 247 
Arabinoeimine,  86 
Arabite,  85 

Arachidic  acid,  108,  440 
Arachnoidal  fluid,  218 
Arbacin,  49 


Arbutin,  relation  to  formation  of  glyco- 
gen, 247 
,  behavior  in  the  animal  body,  506 
Arginin,  18, 21, 24, 43, 45, 47, 48, 58, 62,  77 
Argon  in  blood,  598 
Arnold's  aceto-acetic  acid  reaction,  577 
Aromatic  compounds,  behavior  in  animal 

body,  541—547 
Arsenic,  in  the  animal  body,  157, 459,  588, 
596 
action    on    the    elimination    of 
nitrogen,  468 
Arsenious  acid,  action  on  peptic  digestion, 

303 
Arseniuretted  hydrogen,  poisoning  with, 

279,  281,  555 
Arterin,  165 

Ascitic  fluids,  51,  219,  221 
Asparagin,  70 

,  relation  to  synthesis  of  pro- 

teids,  25 
,  relation  to  formation  of  gly- 
cogen, 248 
,  nutritive  value,  645 
Asparaginic  acid.     See  Aspartic  acid. 
Aspartic  acid,  70 

,  relation    to    formation    of 

uric  acid,  488 
,  relation    to  formation    of 

urea,  469 
,  formation  from  proteid,  21, 

24,  41,  58,  60,  61 
,  behavior  in  the  organism, 
469,  488,  540 
Asparagus,  odoriferous  bodies  of,  in  the 

urine,  547 
Assimilation  limit,  350 
Ass's  milk,  449,  450 
Atmidalbumin,  40 
Atmidalbumoee,  40 
Atmidkeratin,  58 
Atmidkeratose,  58 

Atropine,  action  of,   elimination  of  uric 
acid,  486 
,  on  the  secretion  of  saliva,  293 
Auto-digestion.    See  Autolysis. 
Auto-intoxication,  17 
Autolysis,  11 

,  substances  retarding  coagula- 
tion produced  in,_  197 
See  also  the  various  organs 
and  tissues. 
Auto-oxidation,  3,  5,  6 

Bacterial  proteids,  19 

Bacteria  urese,  581 

Banting  cure,  666 

Beer-vineger  bacteria,  enzyme  of,  11 

Beeswax,  115 

Blla's  acetone  reaction,  576 

Bence-Jones  proteid,  552 

Benzaldehyde,  oxidation  of,  5 

,  substituted  aldehyde,  be- 
havior in  the  *njm*| 
body,  544 


*i 


n      rtion  from  protein  sub- 
noes,  23,  600 
-    ge  of,  into  sweat,  596 
k'ior  in  the  organism,  2, 
),  543 
,  occurrence  in  the  urine,  503 
,  substituted    benzoic    acids, 
action  in  bodv,  644 
i 

ior  in  the  animal  body, 
542 
.  acetic  acid.    See  Hippuric 


stto,  75 
..-•ji  — ines,  344 
s  reagent,  572 
rested  air,  609 
,269—282 

1,  analysis  of,  275,  276 
,  antiseptic  action,  338,  339 
,  enzymes  of,  274 
in  disease,  277 
,  influence  on  proteid  digestion,  332 
,  on  tin-  .-in  unification  of  fate,  332, 333, 
354 
,  on  the  secretion  of  bile,  261 
,  on  the  absorption  of  fat,  332,  352— 
MM 
,  on  tryptie  digestion,  32N.  333 
,  molecular  concentration,  275 
,  passage  of  foreign  bodies,  277 
,  occurrence  of,  in  urine,  558,  559 
,  occurrence   of,    to   gastric  contents, 
313,332 
in  meconium,  342 
,  decomposition  to  the  intestine,  337 
.  formation  of,  278—282 
Bile-concretions,  282 
Bile-pigments,  269—274 

,  origin  and  formation,  278 

—282 
.reactions,    271,    272,    273, 

559 
,  passage  of,  into  urine  559 
Biliary  fistula?,  2.59 

,  influence  of,  on  intestinal 
putrefaction,  239 
Biliary  fistula?,  influence  on  the  want  of 

food.  339 
Bile-salts,  262 
Bile-acids,  262—269 
in  pus,  228 
to  urine,  356.  558 
,  detection  of,  269 
,  absorption  of,  356 
,  origin  of,  278,  279 
Bile-mucus,  261 
Bilianic  acid,  266 
Bilicvanto,  269,  272,  273 
Bilifulvm.  269 
Bilifuacto,  269,  273 
Bilihumin,  269,  273 
Biliphieto,  269 
Bilirirasin.  269.  273 
Bilipurpurin,  273 


Bilirubin,  269 

,  relationship  to  blood-pigments, 

177,  270,  280 
,  relationship  to  havmatoidin,  179, 

279.  2b0 
,  putrefaction  of,  337 
,  occurrence,  269 
Biliverdin,  272 

in  faros,  342 
Biogcn  molecule,  6 
Bioses,  16 

Bismuth,  passage  of,  into  milk,  450 
Birotation,  88 
Bitch's  milk,  450,  455 
Biuret,  25,  473 
Biuret  base,  cleavage  of,  330 
Biuret  reaction,  25,  31,  46,  473 
Blister  fluid.  224 
Blonds,  milk  of,  454 
Blood,  142—210 

,  general  behavior,  142, 187—192 
,  analyses,  quantitative,  198 — 203 
,  analyses,  physico-chemical,  160 
,  arterial  and  venous,  165,  203,  599 
,  defibrinated,  143 
,  asphyxiation,  165,  599 
,  quantity  of,  in  the  body,  209 
,  detection,  chemico-legal,  181 
,  behavior  in  starvation,  206 
,  composition  under  various  condi- 
tions, 200—  209 
in  gastric  contents,  313 
in  urine,  554 — 557 
Blood-casts,  555 
Blood-clot,  143,  189 
Blood  coagulation,  142, 143,  146, 189— 198 
Blood-corpuscles,  white,  185,  186 

,  number  of,  185,  208 
,  relation  to  coagulation, 

185,  191 
,  red.  161—164 
.number  of,  161,207,208 
,  relation    to    high    alti- 
tudes, 207 
,  passage  of,  into  urine, 

554 
,  permeability,  164 
.  composition,  184, 185 
Blood  gases,  598—604 
Blood-pigments,  164—184 
to  bile,  277 
in  urine,  554 — 556 
Blood-plasma,  144—153 

,  composition  of,  157,  201 
Blood-plates,  185.  186,  195 

,  relation    to    coagulation  of 
blood,  191 
Blood-serum,  143,  153—161 

,  anti -enzymes  of,  155 
,  enzymes  of,  155 
,  precipitins  of,  156 
,  composition  of,  157 
Blood-spots,  1*1 
Blood  transfusion.  210 
Blue  st  en  ton  ii,  593 
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Boar  spermatozoa,  421 
Boas  reaction  for  HC1,  314 
Bones  and  bone  tissues,  364 — 370 1 

in  starvation,  530, 
631 
Bone-earths,  365 
Bone  marrow,  367 
Bonellin,  593 
Borneol,  522 

Boucher's  spermin  crystals,  420 
Bottger-Almen's  sugar  test,  94,  562 
Bowman's  disks,  377 
Brain,  406—414 
Bromadenine,  132 
Bromanil,  25 
Bromhypoxanthine,  132 
Bromides,  behavior  to  secretion  of  gastric 

juice,  307 
Bromine,  passage  of,  into  saliva,  293 
Bromoform,  from  proteid,  23 

,  behavior  in  the  animal  body, 
540 
Bromtoluene,  behavior  in  the  animal  body, 

544 
Brunettes,  milk  of,  454 
Brunner's  glands,  316 
Buccal  mucus,  288 
Buffy  coat,  189 
Bufidin,  594 
Bufotalin,  594 
Bufotenin,  594 
Bufotin,  594 
Bull,  spermatozoa,  421 
Burss  mucosffi,  contents  of,  226 
Butalanin,  65 
Butter-fat,  440 

,  absorption  of,  354 
Butterfly,  pigment  of  wings,  485,  593 
Buttermilk,  449 
Butyl   alcohol,   behavior  in  the  animal 

body,  541 
Butyric  acid,  21 

in  urine,  520 

in  gastric  contents,  298 

in  milk  fat,  440 
Butyric-acid  fermentation,  4,  88,  438 

in      intestine, 
336 
Butylmercaptan,  594 
Butyrinase,  in  blood,  155 
Byssus,  26,  65 

Cadaverin,  16 

in  intestine,  580 
in  urine,  526,  580 
Caffeine,  131 

,  behavior  in   the  animal  body, 

494 
,  action  on  the  muscles,  393 
Calcium,  lack  of,  in  food,  368,  636 

,  occurrence.     See  various  tissues 
and  fluids. 
Calcium  carbonate  in  urine,  583 

in      urinary      calculi, 
585 


Calcium  carbonate  in  urinary  sediments, 
583 
in  bones,  366,  368 
in  tartar,  294 
Calcium  casein,  441 
Calcium  oxalate  in  urine,  498 

in  urinary  sediments,  582 
in   urinary   calculi,    584, 
585 
Calcium  phosphate,  relation  to  the  coagu- 
lation of  fibrinogen, 
192 
,  relation  to  the  coag- 
ulation   of    casein, 
441 
toccurrence  in  the  in- 
testinal        concre- 
tions, 343 
in  the  urine,  463,  529, 

530,535 
in  urinary  sediments, 

583 
in  urinary  calculi,  585 
Calcium  salts,  elimination,  529,  535 

,  importance  to  coagulation 
of  the  blood,  143,   147, 
193 
,  importance  to  coagulation 

of  milk,  442 
.     See  various  calcium  salts. 
Calcium  sulphate  in   urinary  sediments, 
583 
,  physiological       action, 
140 
Calculi,  salivary,  294 
,  intestinal,  343 
,  urinary,  584 
Calories  of  foodstuffs,  624—628 

of  different  rations,  660 — 665 
Campho-glucuronic  acid,  100,  522,  546 
Camphor,  behavior  in  the  animal  body, 

522,546 
Cane-sugar.     See  Saccharose. 
Capranica's  reaction  for  guanine,  134 
Capric  acid,  108,  440,  451 
Caproic  acid,  108,  440,  451 
Caprylic  acid,  108,  440 
Caramel,  93,  101 
Carbamic  acid,  480 

in  blood,  156,  470 
in  urine,  470, 471, 472, 480 
,  poisonous  action,  470 
Carbamic-acid  ethylester,  480 
Carbazol,  behavior  in  body,  542 
Carbethoxyldiglvcylleucin  ester,  25 
Carbethoxyltrigiycylglycin  ester,  25 
Carboglobulinic  acid,  602 
Carbohsemoglobin,  174 
Carbohydrates,  83—108 

,  importance  in  fat  forma- 
tion, 374,  650 
,  importance    in    glycogen 

formation,  249,  250 
,  importance  for  muscular 
activity,  395, 400,  401 


Carbohydrates,  action  on  proteid  metabo- 
lism, 638,  645— €60 
,  action  on  in! est  in:il  putre- 
faction, 338,  341),  504 
,  absorption  of,  349—353 
,  inadequate  supply  of,  638 
.     See  also  the  variouB  car- 
bohydrates. 
Carbolic  acid,  action  on  peptic  digestion, 
303J 
.     See  also  Phenol 
Carbolic  urine,  500 

Carbon,  relation  to  nitrogen  in  the  urine, 
537,538 
calorific  value,  627 
Carbon  dioxide  in    the   blood,    598—603, 
608—612 
in  the  blood  in  diabetes, 

602 

in  the  blood  in  poisoning 
with  mineral  acids,  602 
in  the  intestine,  334 — 336 
in  the  lymph,  212,  603 
in  the  stomach,  308 
in  the  muscles  during  rest 

and  activity.  395,  399 
in    the    muscles    in    rigor 

mortis,  394 
in  the  secretions,  603 
in  transudations,  004 
action  on  the  secretion  of 

gastric  juice,  296 
elimination,  dependence  of 
external       temperature 
upon, 658 
elimination  in  rest  and  ac- 
tivity, 395, 399,  656,  657 
elimination  by  the  skin, 597 
elimination      in      various 
ages,  052,  653 
Carbon-dioxide  hemoglobin,  174,  600 
Carbon-monoxide  poisoning,  1 73, 256, 389, 
468 
action  on  the  formation  of  lactic  acid, 

389 
action  on  the  elimination  of  nitrogen, 

468 
action  on  the  elimination  of  sugar, 
256,389 
Carbon-monoxide  hemoglobin,  172,  173, 

183 
Carbon-monoxide  methicmoglobm,  174 
Carbon-monoxide  blood  test.  Hoppe-Sey- 

ler's,  173 
r&rminic  acid,  593 
Camic  acid,  385 
Camiferrin,  385 
Carnine,  131,  385 

in  urine,  494 
Carnosin,  383.  385 
Carp,  sperma  of,  47,  48 

egga  of,  55 
Cartilage.  54.  360—364 

,  quantity  of  ash,  364 

,  behavior  to  gastric  juice,  304 


Cartilage,  behavior  to  pancreatic  jt 

Cartilage  gelatine,  363 

Caseid,  441 

Casein,  26,  80,  440,  451 

,  origin  of,  457 

,  from  woman's  milk,  451 

,  from  cow's  milk,  440 

,  quantitative  estimation  of,  445 

,  absorption  of,  345 

,  behavior  towards  renninr305, 441, 
442 

,  behavior  to  gastric  juice,  309, 442, 
451 
Casein,  heat  of  combustion,  625 
Caaeinogen,  442 
Caseoses,  39  ^^ 

,  relation  to  the  coagulation  of  the 
blood,  143 
Castor  bean,  17 
Castoreum,  594 
Castorin,  594 
fatal  ases,  G.  7.  8,  444 
Catalysators.  8,  15 
Cathiemoglobin,  174 
Catheterization  of  the  lungs,  608 
Cat's  milk,  450 
Cell,  animal,  116—142 
Cell  constituents,  primary  and  secondary, 

117 
Coll  fibrinogen,  231 
Cell  globulins,  117,  118,  163 
Cell  membrane,  1 19,  304 
Cell  nucleus,  124 

,  relation    to    coagulation  of 

fibrinogen,  186,  191 
,  to  pepsin  digestion,  304 
Cellulose,  106,  107 

,  fermentation  of,  107,  332,337 
Cement,  369 
Ccphalin,  411 
Cephalic  acid,  411 
Cerebrin,  227,  407,  408 

,  properties  and  behavior,  409,410 
in  pus,  227 
Cerebrinin  phosphoric  acid,  412 
Cerebrinic  acid,  412 
Cerebron,  407,  411 
Cerebrosides,  408,  409,  411 
Cerebrospinal  fluid,  223,  413 
Cerolein,  115 
Cerotic  acid,  115 
Cerumen,  594 
''■•J  in.  115 
Cetyl  alcohol,  115 
Chalaza.  429 

Charcot's  crystals,  209.  420,  615 
Cheno-tauroeholic  acid,  265 
Children's  urine,  462,  468,  499 
Chitaminic  acid,  98 
Chitaric  acid,  99 
Chitin,  65.  98,  589 

,  behavior  in  tryptic  digestion,  330 
Chitosamine.     See  Glucosamine, 
Chitosan,  51 ,  590 
Chitose,  99 
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Chloral  hydrate,  behavior  in  the  animal 

body,  522,  541 
Chlorates,  poisoning  with,  171,  555 
Chlorazol,  23 
Chlorbenzene,    behavior    in    the   animal 

body,  546 
Chlorides,  elimination  by  the  urine,  526 
,  elimination  by  the  sweat,  596 
,  action  on  proteid  metabolism, 

651 
,  insufficient  supply  of,  635 
.    See  also  various  fluids  and 
tissues. 
Chlorochrome,  241 
Chlorocruorin,  184 

Chloroform,  action  on  the  elimination  of 
chlorides,  527 
,  action  on  the  muscles,  393 
,  action  upon  proteids,  29 
,  behavior  in  the  animal  body, 
540 
Chlorophan,  416 
Chlorophyll,  2,  593 

,  relation    to    blood-pigments, 
165,  180 
Chlorosis,  208 
Chlorphenylcystein,  546 
Chlorphenylmercapturic  acid,  546 
Chlorrhodinic  acid,  228 
Chlortoluene,  behavior  in  the  animal  body, 

544 
Cholagogues,  261 
Cholanic  acid,  267 
Cholecyanin,  270,  272,  516 
Choleic  acid,  267 
Cholepyrrhin,  269 
Cholera,  blood  in,  202 
,  sweat  in,  596 
,  ptomaines  in,  16 
Cholera  bacilli,  behavior  with  gastric  juice, 

312 
Cholesterilene,  282 
Cholesterilin,  282 
Cholesterin,  282 

,  preparation,  285 
in  blood-serum,  154 
in  sputum,  615 
in  the  bile,  262,  274,  277 
in  gall-stones,  282 
in  the  brain,  407,  413 
in  the  urine,  579 
in  urinary  calculi,  586 
,  importance  in  the  life  proc- 
esses of  the  cell,  117,  124 
Cholesterin  calculi,  282 
Cholesterin  ester  in  blood-serum,  154 
Cholesterin  fat,  as  protective  fat,  593 
Cholesterin-propionic  ester,  283 
Cholesterinic  acid,  266 
Cholesteron,  282 
Choletelin,  269,  272 

,  relation  to  urobilin,  516 
Cholic  acids,  262,  266 

,  preparation,   267.    See   also 
the  individual  cholic  acids. 


Choline,  16,  120,  274,  413 
Cholohsematin,  273 
Choloidic  acid,  269 
Cholylic  acid,  266 
Chondrigen,  61,  360 
Chondrin,  64 

in  pus,  228 
Chondrin  balls,  363 
Chondroalbumoid,  365 
Chondroitic  acid,  360 
Chondroitin,  361 

Chondroitin-eulphuric    acid,  30,   51,  54, 

360,361 
in  urine,  523, 

554 
in    kidneys. 
462 
Chondromucoid,  51,  54,  360,  365 
Chondroproteids,  51,  54 

in  the  urine,  553 
Chondrosin  from     chondroitin-sulphurio 
acid,  361 
from  sponges,  54 
Chorda  saliva,  287 
Choroid  coat,  418 

pigment  of,  591 
Chromatin,  124 
Chromhidrosis,  596 
Chromogens  in  urine,  514 

in  suprarenal  capsule,  237 
Chrysophanic  acid,  action  on  urine,  547 
Chyle,  211—214 
Chyluria,  579 
Chyme,  308 

investigation  of,  313 — 316 
Chymosin,  13,  17,  155,  304,  442 

detection  in  gastric  contents, 

313 
in  urine,  534 

occurrence  in  the  pancreas,  330 
See  also  Rennin. 
Cilianic  acid,  266 
Citric  acid  in  milk,  440,  448,  453 
Clupein,  47,  48 
Coagulated  proteids,  26,  47 
Coagulation  of  the  blood,  142,  143,  147, 
189—197 
,  intravascular,  196 
of  milk,  438,  441,  451 
of  muscle-plasma,  377,  381, 
393 
Coaguloses.  44 
Coccinic  acid,  593 
Coccygeal  glands,  594 
Cochineal,  593 
Cochinillic  acid,  593 
Codfish,  spermatozoa,  49 
Coefficient,  Hfiser's,  537 

,  respiratory,  375, 399,  622, 655, 

656 
,  dissociation,  159 
,  extinction,  182,  183 
,_  urotoxic,  526 
Coffee,  action  on  metabolism,  652 
Collagen,  26,  61—64,  358,  360,  363 
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Cilnid,.  53,  235,  422 

Crystalfibrin,  417 

Colloid  corpuscles,  423 

Crystallins,  417 

Colloid  cysts,  422 

Crystalline  lens,  416—418 

Colon,  exclusion  of,  357 

Crystalline  seralbumin,  134 

Coloring-matters.     See  various  pigments. 

Cumic  acid.  543 

Colostrum  of  woman's  milk,  454 

Cum  in  uric  acid,  543 

of  cow's  milk,  449 

Curd,  442 

Colostrum  corpuscles,  449 

Comma    bacillus,    behavior  with    gastric 

Cyanhydrinea,  85 

l  y.inmethii'nioglobin,  172 

juice,  312 

Cyanocrystallin,  433,  592 

Compound  proteids,  26,  51 — 57 

Cyanuric  acid.  473,  484 

See  also  the  different  groups 

Cyanurin,  514 

of  protein  substances. 

Cyclopterin,  47,  48 

Conalbumin,  430 

Cymene,  543 

Conclriolin,  26,  85,  06 

Cyprinine,  48 

Concentration,    molecular.        See    various 

Cystein,  20.  21,  24,76 

fluids. 

,  conjugation  in  animal  body,  546 

Concrements.     See  various  calculi. 

,  behavior    in     the    animal    I 

Cones  of  the  retina,  pigment  of,  416 

540 

Conglutin,  calorific  value  of,  625 

Cysteinic  acid,  7-r> 

Connective  tissues,  59,  358,  359 

Cystin,  19,  21,  24,  58,  75,  76,  279,  550 

Copaiva  balsam,  action  on  the  urine,  547 

.  occurrence  in  urine,  523,  580 

Copper  in  blood,  156,  201 

,  occurrence  in   urinary  sediment?. 

in  bile,  262 

583 

in  biliary  calculi,  282 

,  occurrence  in  urinary  calculi,  £9 

in  htemocyanin,  184 

,  occurrence  in  sweat,  596 

in  protein  substances,  18 

,  synthesis,  76 

in  turacin,  592 

,  behavior  in  the  animal  bodv,  279 

Cornea,  364,  418 

Cystinuria,  16,  75,  52G,  580 

Cornein,  26,  08 

Cystome,  poliferous,  422 

Coruicrystallin,  05 

Cyst*,  tapeworm,  225 

Corpora  lutea,  422 

,  ovarial,  422—426 

Corpulence,  diet  cures  for,  665,  666 

,  thyroid,  235 

Corpuscula  amylacea,  412 

,  mucoid  substances  of,  51 

Cow's  milk.  437—448 

Cytin.  231 

.  general    behavior,    437,    438, 

Cytoglobin,  26,  118,  192,  231 

439 

Cytosin,  127.  130,  138,  139 

,  analysis  of,  446 — 448 

Cytotoxins,  156 

,  anti-putrefactive    action    of, 

Cytozym,  195 

338,  504 

,  coagulation  with  rennin,  305, 

Damaluric  acid,  526 

313,  439 

Damolic  acid,  526 

,  behavior  in  the  stomach,  451 

Defibrinated  blood,  143 

,  composition  of,  448 

Dehydrocholic  acid.  206 

Cream,  449 

Dehydrocholeic  acid,  267 

Creatine,  relation   to    formation    of  urea, 

Delomorphoic  or  parietal  cells,  295 

383,  469 

Denigc's  reaction  for  uric  acid,  491 

,  relation    to    muscular    activity, 

Denige-Momer's  tyrosin  test.  73 

397,  400 

Dentin,  366,  369 

,  properties  and  occurrence,  383, 

Dermoid  cyst,  425 

::s  i 

Desamhioalbuntinic  acid,  37 

Creatinine,  relation  to  muscular  activity, 

Descent  el's  membrane,  53,  364 

397,  400,  481 

Desoxycholic  acid,  266,  267 

t  properties  and  occurrence,  481 , 

Deuteroelastose,  60 

482 

Deuteroproteose,  39,  45,  551 

zinc  chloride,  482 

Deuterogelatose,  63 

Grant,  23, 334.  504.505 

Deuteromyoeinoee,  40 

Cresol-sulphuric  acid,  504,  505 

Deuterovitellose,  40 

Crinosin,  412 

Dextrins,  105 

Crotonic  acid,  578 

,  formation  fiom  starch,  105,290, 

Cruor,  143 

325 

Crusocrcatinine,  386 

,  loading  the  stomach  with 

Crustaceorubin,  593 

,  occurrence  in  the  gastric  con- 

Crusta inflamroatoria  or  phlogistica,  189 

tents,  312 

Crystalbumin,  417 

,  occurrence  in  muscles,  388 
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Dextrins,  occurrence  in  portal  blood,  204, 

350 
Dextrin-like  substance  in  the  urine,  521 
Dextrose,  92—96 

in  blood,  154,  204,  252,  254 
in  urine,  254,  521,  561 — 570 
in  the  lymph,  211 
in  muscles,  388 
in  the  vitreous  humor,  416 
,  preparation  of,  95 
,  calorific  value  of,  625 
,  detection,  93,  94,  561—565 
,  reactions  of,  94,  95 
,  absorption  of,  350 
,  quantitative  estimation,  565 — 
570 
Diabetes  mellitus,  254—259,  561 

,  elimination    of   ammo- 
nia by  the  urine  in, 
534 
,  relationship  of  the  liver 

to,  257 
,  relationship  of  the  pan- 
creas to,  257,  258 
,  blood  in,  202,  254 
,  amount    of    sugar    in 

blood  in,  202,  254 
,  urine  in,  469,  537,  551 
,  CO,  in  the  blood  in,  602 
,  oxybutyric  acid  in  the 

blood  in,  603 
,  oxybutyric  acid  in  the 
urine  in,  534, 574, 578 
Diacetic  acid.    See  aceto-acetic  acid. 
Dialuric    acid,  relationship  to  formation 

of  uric  acid,  488 
Diamid,  poisoning  with,  409 
Diamino  acids,  18,  24,  74—80 
Diamines  in  the  urine,  21,  526,  5S0 

in  the  gastric  contents,  5S0 
Diamino-caproic  acid.     See  Lvsin. 
Diamino- valerianic  acid,  18.    See  Ornithin. 
Diastatic  enzymes,  13,  155,  252,  290,  324 
See    also   other  en- 
zymes. 
Diastase  in  the  blood,  155 
Diazobenzol-flulphonic  acid,  reaction  with 

sugar,  95 
Dibenzoylornithin,  78 
Dicalcium  casein,  441 
Dichlorpurin,  131 
Diet  cures,  665,  666 
Diet  for  various  classes  of  people,  660,  663, 

664,665 
Digestion,  286—358 
Digestibility  of  foodstuffs,  310,  348,  351, 

353,354 
Dimethylketone.    See  Acetone. 
Dioxyacetone,  92 
Dioxybenzenes,  506,  542 
Dioxvnaphthalene,  542 
Dipalmitylolein,  109 
Dipeptides,  25 

Diphtheria     toxins,    action     upon    the 
gastric  juice,  312 


Disaccharides,  100 

in  urine,  350,  570 
,  inversion  of,  318,  332,  350 

as  glycogen  formers,  250 
Dissociation  degree,  159 
Dissociation  coefficient,  159 
Distearyl  lecithin,  120 
Distearylpalmitin,  109 
Doeglic  acid,  112 
Dog's  milk,  450,  455 
Dolphin's  milk,  450 
Donne's  pus  test,  558 
Dotterplatchen,  27,  426 
Dropsical  fluid,  221 
Dulcite,  85 

,  relationship  to  formation  of  gly- 
cogen, 247 
DyBproteose,  39 
Dyslysins,  268 
Dyspeptone,  303 

Dyspnoea,  action  on  proteid  transforma- 
tion, 468,  655 

Ear,  fluids  of,  418 

Earthy  phosphates,  elimination     by     the 
urine,  463,  535 
,  absorption  of,  356 
,  solubility     in     fluids 
rich  in  proteid,  369 
occurrence    in    bone- 
earths,  366—370 
,  occurrence  in  calculi, 

282,  343,  584 
,  occurrence    in     sedi- 
ments, 583 
See  also    different 
earthy  phosphates. 
Ebstein's  diet  cure,  665 
Echinochrom,  184 
Echinococcus  cysts,  cyst  wall,  590 

,  cyst  contents,  225 
Eck's  fistula,  471 
Edestair,  49 
Edestin,  23,  34,  49,  80 
Edible  bird's  nests,  53 
Eel,  flesh  of,  404 
Egg,  426 

,  hen's  426—436 

,  absorption  in  the  intestine,  348 
,  incubation  of,  433 — 435 
Egg  albumin  (see  Ovalbumin),  430 
Egg-shell,  57,  272,  432 
Egg  yolk,  428 

Ehrlich'8  test  for  bile-pigments,  560 
glucosamine  test,  99 
urine  test,  579 
Eiselt's  reaction  for  melanin,  557 
Elaidic  acid.  112 
Elaidin,  112 
Elastin  proteoses,  60 
Elastin  peptone,  60 
Elastin,  20.  26,  59,  60,  80,  119 

,  behavior  with  gastric  juice,  304, 

358 
,  behavior  with  trypsin,  330 


3s 


tiffs,  624—624 

,  319,  321 

al,  10—15 

-tic  or  diastatic,  13,  238, 
.    274,  288,  324 
fluting    or    lipolytic,    13, 


/,  coagulating,     13.     See     rennin 
arid  fibrin  ferment. 
,  glucoside-aplitting,  13,  14 
,  urea-splitting,  13 
,  oxidising.     See  Oxidases. 
,  proteolytic,  13,  228,  232,  274 
,  zymogens  of,  1 1 

See  also  the  various  enzymes, 
tissues,  organs,  and  fluids. 
Spidermis,  57,  5  IS 
Spiguanioe,  131,  494,496 
Cpinepluin,  237 
Episarkine,  131,  494,  496 
Erepeiu,  318 

,  importance  for  absorption,  347 
Erueie  acid,  108 

,  absorption  of,  354 
Erythrite,  relation  to  glycogen  formation, 

247 
Erythrocytes,    162,    163,    164.     See    also 

red   blood-corpuscles. 
Erythro-dcxtrin,  105,  290 
Erythropsin.     See  Visual  purple. 
Eb bach's  estimation  of  proteid  in  urine, 

553 
Ethal,  115 

Ether,  action  on  the  blood,  162,  164 
,  action  upon  proteids,  29 
,  action  on  the  secretion  of  gastric 

juice,  296 
,  action  on  the  muscles,  393 
Ethereal  sulphuric  acids  in  the  bile,  262, 

274 
Ethereal  sulphuric  acids  in  the  urine,  503, 

510,  545 
Ethereal  sulphuric  acids,  synthesis  of,  in 

the  liver.  239 
Ethyl  alcohol,  production    in    the    intes- 
tine, 334 
,  passage  of,  into  milk,  461 
,  behavior    in     the     animal 

body,  651 
,  action  on  the  secretion  of 

gastric  juice,  296,  303 
,  action  on  the  muscles,  393 
.  action  on  metabolism,  651 
,  action  on  digestion,  393 
,  action  on  proteids,  29,  30 


Ethylamine,  solvent  for  uric  acid,  491 
Ethyl   benzene,    behavior   in    the  atiicuil 

body.  542 
Ethylene  glycol,  relation  to  formation  of 

glycogen,  248 
Ethylenimine.     See  Spermin. 
Ethylidene-laetic     acid,     3-88.     See    also 

other  lactic  acids. 
Ethvlmereaptan,  behavior  in  the  animal 
^  l.ody,  540 
Ethyl-sulphuric     acid,     behavior    in    the 

animal  body,  540 
Ethyl   sulphide,    formation   from  proteid, 
20,  23,24 
,  behavior    in    the  animal 
body,  540 
Euglobulin,  149 
Buxaatbk  acid,  100 
Euxanthon,  545 
Euxanthonic  acid,  546 
Excrements,  340,  341,  342 

in  dogs   with  biliary  fistula, 

339 
in  starvation.  618 
Excreta,  of  the  animal  organism,  617 — 622 
division  by  the  various  channel*, 
61 S 
Excretin,  342 
Excretolic  acid,  342 
Exostosis,  368 
Expectorations,  614,  615 
Extinction  coefficient,  lfc2,  1?3 
Extracellular  action  of  enzymes,  11 
Exudates,  217—226 
Eye,  414—418 

Faeces.     See  Excrements. 
Fat,  origin  in  the  body,  372—374.  640 
,  general  properties,  detection  and  oc- 
currence, 108—115 
,  relation  to  work,  399 

to  the  formation  of  glycogen, 
248 
,  calorific  value  of,  626,  628 
,  nutritive    value  of,  624 — 628,  645— 

650 
,  rancidity  of,  110 
,  absorption  of,  352—356 
,  behavior  with  gastric  juice,  304 
,  behavior  with  pancreatic  juice,  325 
,  saponification  of,  110,  332,  353 
,  action  of,  on  the  secretion  of  bile.  200 
,  action  of,  on  the  secretion  of  gastric 

juice,  304 
,  action  of.  on  the  secretion  of  pan- 
creatic juice,  322 
,  iodized,  behavior  of,  in  the  animal 

body.  372.  458 
,  estimation  of.  1 14,  447 
,  metabolism  of,  in  activity  and  at  rest, 

399 
,  metabolism  of,  in  starvation,  630 
,  metabolism  of,  with    various   foods. 
640.  645,  646.  652 
Fat  formation,  from  proteids,  372—374 
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Fat  formation  from  carbohydrates,  374 
Fat-sweat,  594 

Fatty  acids,  general  properties,  detection 
and  occurrence,  108 — 115, 
316 
,  solubility  in  bile,  332,  353 
,  absorption  of,  352 
,  synthesis,  375 

to  neutral  fats,  352, 
374 
Fatty  degeneration,  372 
Fatty  infiltration,  241 
Fatty  series,  behavior  of  members  in  the 

animal  body,  539 
Fatty  tissue,  370,  371 

,  behavior  with  gastric  juice, 
304 
Feathers,  53 

,  pigments  of,  592 
Fehling's  solution,  94,  566 
Fellic  acid,  263 

Fermentation,  4,  10,  11,  88,  90,  93 
in  the  intestine,  333 
in  the  urine,  531,  534 
in  the  gastric  contents,  312. 
See  also  various  fermen- 
tations, alcoholic,  etc. 
Fermentation  lactic  acid,  properties,  oc- 
currence, etc., 
388,  389 
in    the    gastric 
contents,  298 
in  the  souring  of 
milk,  438 
,  detection  in  the 
gastric      con- 
tents, 315 
Fermentation  test  in  the  urine,  563,  569 
Ferments  in  general,  10 
inorganic,  15 
.     See  various  enzymes. 
Ferratin,  241 
Ferriue,  241 

Fevers,  elimination  of  ammonia  in,  534 
,  elimination  of  uric  acid  in,  486 
,  elimination  of  urea  in,  468 
,  elimination  of  potassium  salts  in, 

533 
,  metabolism  of  proteids  in,  468 
Fibres,  elastic,  in  sputum,  615 

,  reticulate,  358 
Fibrin,  23,  26, 143, 145, 146, 153, 189, 192, 
193 
,  occurrence  in  transudates,  220 
Henle's  419 
Fibrin' coagulation,  146—148,  189—198 
Fibrin  calculi,  343,  5 56 
Fibrin  digestion,  300,  313,  327,  329 
Fibrin  ferment,  13,  144,  146,  189—198 
Fibrin  formation,  146—148, 189—198 
Fibrin  globulin,  148,  153 
Fibrin  soluble.     See  Serglobulin. 
Fibrinogen,  24,  26,  144—148,  153,   192, 

193,224 
Fibrinolysis,  146 


Fibrinoplastic  substance.  See  Serglobulin. 

Fibroin,  26,  65,  66 

Fischer-W ridel's  reaction,  133 

Fish-bones,  368 

Fish-eggs,  27,  433 

Fish-scales,  65,  133 

Fish,  bile  of,  262 

,  spermatozoa  of,  47,  128 
,  swimming-bladder  of,  133,  613 
,  visual  purple  of,  415 
Flesh,  metabolism,  in  starvation,  629 

,  metabolism,    with   various   foods, 
639—650 
Flesh  quotient,  404 
Florence's  sperma  reaction,  420 
Fluorine  in  bones,  366 

in  enamel,  370 
Fly-maggots,  formation  of  fat  in,  373 
Foods,  influence  on  the  secretion  of  intes- 
tinal juice,  317 
,  influence  on  the  secretion  of  bile, 

260 
,  influence  on  the  secretion  of  gastric 

iuice,  296,  297 
,  influence  on  the  secretion  of  pan- 
creatic juice,  321 — 322 
,  influence  on  the  secretion  of  milk, 

456 
,  influence  on  the  elimination  of  uric 

acid,  435 
,  influence  on  the  elimination  of  urea, 

467, 468 
,  influence   on   the   elimination   of 

xanthine  bodies,  494 
,  influence  on  farces,  341,  348,  619 
,  influence  on  metabolism,  633 — 650 
,  various,  rich  in  proteid,  639 — 650 
,  various,  mixed,  639 — 650 
,  insufficient  supply  of,  633 — 639 
Foodstuffs,  necessity  of,  616 

,  combustion  heat  of,  624 — 628 
Formaldehyde,  formation  in  plants,  1 ,  92 
,  action  upon  proteids,  37 
,  combination  with  urea,  474 
,  relation    to   sugar  forma- 
tion, 91 
Formic  acid  in  gastric  contents,  316 

,  passage  of,  into  urine,  520, 
539 
Frog's  eggs,  membrane  of,  51 
Fructose.     See  La?vulose. 
Fruit-sugar.     See  Ltevulose. 
Fundus  glands,  295,  307 
Fungi,  glycogen  therein,  245 
Fumaric  acid,  23 
Furfuracryluric  acid,  545 
Furfural  from  pentoses,  90 

,  relation  to  proteid  reactions,  31 
,  relation    to    Pettenkofer's    bile- 
acid  tests,  263 
,  reagent  for  urea,  473 
,  behavior  in  the  animal  body,  545 
Fuscin,  416 

Galactonic  acid,  98 
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Galactose,  85,  97.  101,  444 

,  fromcerobrins,  410,  411 
,  relation  to  formation  of  glyco- 
gen, 250 
Galactosamiuc,  50,  98 
GiUaetotueh-fl,  87 
Gcdhicctopuenon,  behavior  in  the  animal 

body,  545 
Gallic  acid,  behavior  in  the  animal  body, 

511.545 
Gallois's  inosite  teat,  3S7 
Galtoae,  87 

Gas,  exchange  of,  in  various  ages,  652,  653 
,  exchange  of,  through  the  skin,  596 
,  exchange  of,  in  starvation,  629,  630 
,  exchange  of,  in  various  conditions  of 
the  body.  399.  630.  633.  652.  656 
cdiange  of,  in  the  mti  (5,  399 

,  exchange  of,  abstinence  value  of,  632 
Gases  of  the  blood,  59S— 603 
of  the  intestine,  336 
Of  i habile.  277,  603 
of  the  urine,  536.  604 
of  the  hen's  egg,  433,  434 
of  the  Ivmph,  603 
nf  the  milk,  448,  453 
of  the  muscles,  392,  395 
of  the  transudates,  219,  604 
Gastric  contents.    See  Chyme. 
Gastric  fistula,  295 
Gastric  juice,  295 

,  composition  of.  298 

,  secretion  of,  296,  297,  308 

,  estimation  of  acidity  of,  315. 

316 
,  relation  to  intestinal  putre- 
faction, 311,  340 
,  artificial.  264 

.  action  of,  300—308,  308 — 
313,  442,  443.  451 
Gastric  lipase,  306 
Gastric  mucosa,  295 
Gelatine,  19,  20.  62,  SO 

,  relation  to  glycogen  formation, 

247 
,  putrefaction  of,  334 
,  nutritive  value  of,  643,  644 
,  behavior  with  gastric  juice,  304 
,  behavior  with  pancreatic  juice, 
330 
Gelatine  and  the  detection  of  trvpsin,  290 
Gelatine-forming  substances.     Bee  Colla- 
gen 
Gelatine  peptones.  45.  63 
Gelatine  sugar      See  Glycocoll. 
Gelatinous  tissues,  359 
Gelatoses,  63 

,  relation  to  blood  coagulation, 
143 
Generation,  oraans  of,  419 — 436 
Gentisic  acid,  512 

,  behavior  in  the  animal  body, 
545 
Gentisic  aldehyde,  512 
Gerhardt's  diacetic  acid  reaction,  576 


Globan,  34 
Globin,  49.  165 
Globulins,  26 

,  general  characteristics,  33 
,  in  urine,  550 
,  in  protoplasm,  117 
.    See  also  the  different  globulin* 
Globuloses,  39 
Glucalaum,  65 
Glucose,  155.  289,  292 
Glucocyanhydrin,  85 
Glucoheptose,  85 
Gluconic  acid,  84,  92 
Glucosamine,  51,  8ft,  98,  99.  589 
from  chitin,  5!b9 
from  proteins,    23,  50,  53, 
424,  429.  432 
Ghiconucleoproteids,  57 
Glucoproteids.  26,51— .55,  118,  43fi 

.relation    to    formation 
glycogen,  250 
GlucoproteoHC,  43 
Glueosaininic  acid,  87 
Glucosan,  92 
Glucose.     See  Dextrose. 
Glucosides.  14.  87,  91 
Glucosoxime,  £5 
Glucoron,  100 
Glucotkiouic  acid,  232,  361 
Glucuronic  acid,  09,  100 

,  relation  to  formation  of 

glycogen,  248 
,  conjugated,  99 
in  blood,  154 
in  bile,  262,  274 
in   urine.  521,  522,  541, 
546,572 
Glutamic  acid,  21,  24,  60,  61,  71 
Gluteines,  63 
Gluten  casein,  81 
Gluten  proteins,  81 
Glutin.     See  Gelatine. 
Glutin  peptones,  45,  63 
Glutokyrin,  45 
Glutokn,  132 
Glutose,  87 

Glycerine  aldehyde,  80 
Glycerine,  relation  to  formation  of  glyco- 
gen, 247 
Glvcerophosphorie  acid,  120,  209.  232. 237, 

274 
Glycerophosphoric  acid  in  urine,  521,  525 
Glyceroses,  92 
Glyoin.     Sec  Glycocoll. 
Glvcocholeic  acid,  264 
Glyeoeholic  acid.  262,  264 

,  occurrence       in      excre- 
ments. 337 
,  occurrence  in  bile  from 

various  animal*.  276 
,  absorption  of,  356 
,  behaAnor     to     intestinal 
putrefaction,  337 
Glvcocholate*  from  rodents,  265 
Glycocoll,  66 
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Glyeocoll,  relation   to  formation  of  uric 
acid,  484,  488 
,  relation  to  formation  of  urea, 

469,640 
,  synthesis  with  glyeocoll,  2,  500, 
543 

Glycogen,  15,  244—254 

,  origin  of,  247—255 

,  relation  to  muscular  activity, 

387,  395 
,  relation  to  muscle  rigor,  294 
,  occurrence  in  sputum,  615 
,  occurrence  in  leucocytes,  186 
,  occurrence  in  the  lungs,  614 
,  occurrence  in  the  lymph,  212 
,  occurrence  in  protoplasm,  117, 
123,  186,  227 

Glycolysis,  154,  259,  331 

Glycolytic  enzyme,  154,  331 

Glycosuria,  254—259 

,  alimentary,  255,  350 

Glycosuric  acid,  512 

Glycylalanin,  25,  45 

Glycylalanin  anhydride,  25 

Glycylglycin,  25 

Glyoxyl  diureid.    See  Allantoin. 

Glyoxylic  acid,  as  reagent,  31 

Gmelin's  test  for  bile-pigments,  271 

test  for  bile-pigments  in  urine, 
559 

Goat's  milk,  449,  450 

Gold  equivalent  of  the  proteids,  28 

Goose-fat,  absorption  of,  354 

Gorgonin,  65 

Gout,  elimination  of  uric  acid  in,  485,  486 

Graafian  follicles,  422 

Grape-moles,  435 

Grape-sugar.     See  Dextrose. 

Guaiacum  blood  test,  555 

Guanine,  131,  133 

in  urine,  494 

Guanine  gout,  134 

Guano,  133,  134,  485 

Guano-bile  acids,  265 

Guanovulit,  433 

Guanylic  acid.  127,  128 

Gulonic  acid  lacton,  99 

Gulose,  91,96 

Gums,  various,  105,  106 
,  animal,  52 
,  animal,  in  urine,  521 

Gunning-Lieben's  acetone  reaction,  575 

Gunzberg's  reagent  for  free  HC1,  314 

Hemagglutination,  163 

Hemataerometer,  608 

Hematin,  175,  176 

,  relation  to  bilirubin,  270 
,  relation  to  urobilin,  516 

Hematinogen,  181 

Hematinometer,  182 

Hematinic  acids,  177 

Hematinic  acid  amide,  177,  270 

Hematochlorin,  435 

Hematocrit,  199 


Hematogen,  427,  433 
Hematoglobulin.    See  Oxyhemoglobin. 
Hematoidin,  181 

,  relation   to   bilirubin,    181, 

269,  270,  280 
,  occurrence  in  sputum,  615 
,  occurrence  in  corpora  lutea, 

422 
,  occurrence    in    excrements, 

342 
,  occurrence  in  sediments,  583 
Haematoporphyrin,  179 

,  relation  to  bilirubin, 

180,270 
,  relation    to    urobilin, 

180,  516 
,  occurrence    in    urine, 

514,556 
,  occurrence    in    lower 
animals,  592 
Hematoscope,  183 
Hematuria,  554 
Hemerythrin,  184 
Hemin,  178 

Hemin  crystals,  178,  556 
Hsemochromogen,  165,  175,  176 

,  occurrence  in  muscles, 
382 
Hemocyanin,  184 
Hemoglobin,  26,  50,  170 

,  composition  of.  166 

,  properties  and  behavior,  170 

,  quantity     in     blood,     165, 

203^208 
,  quantitative         estimation, 

182,  183 
,   See    also    oxyhemoglobin 
and  the  combinations  of 
hemoglobin    with    other 
gases. 
Hemoglobinuria,  555 
Hemolysis,  162 
Hemolysins,  156,  162 
Hemometer,  183 
Hemopyrrol,  165 
Hemorrhodin,  174 
Hemoverdin,  174 
Haser's  coefficient,  537 
Hair,  53,  588 

,  pigments  of,  592 
•  Hair-balls,  344 
Half-rotation,  88 
Hammarsten's  reaction  for  bile-pigments, 

271,  559 
Haptogen-membrane,  439 
Heat,  action  of,  on  metabolism.  652.  657 
of  combustion  of  various  foodstuffs, 
624—628 
,  loss  of.  through  the  skin,  597,  657 
generated  in  plants,  2 
Helicoproteid,  55 
Heller's  albumin  test,  30 

albumin  test  applied  to  urine,  548 
Heller-Teichmann's  blood  test,  556 
Hemicelluloses,  107 
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Hemicollin,  63 
Heiuielastin,  150 
Hemipeptone,  39  _ 
Hemp-seed  calculi,  585 
Hen's  egg,  426—436 

,  Incubation  of,  433,  434 
He  ptoses,  84 

Herring,  spermatozoa  of,  47.  «s 
Heteroproteoses,  39,  40,  43,  46,  552 
Hete rosyntanose,  80 
Heteroxantliine,  131 

in  urine,  495 
Ii.'xaglyeylglyemethyl  ester,  330 
Hexobibses,  101 
Ho-xon  bases,  21,  77—80 
Hexoses,  91—08 

frnrn  nueleopmteids,  51 
fmrii  nui'lcii-  acids,  127 
.  See  also  the  various  hexoses. 
H5gh  altitude,  action  on  the  blood,  207 
Hipp'jkoproaterin,  284 
Hippointuaniii,  591 
Hippuric  acid,  500 

,  properties    and    reactions, 
502 
estimation  of,  502 
,  formation  in  the  body,  2, 

51X3,-501,543 
,  cleavage  of,  500,  502 
,  occurrence  of,  500 
as  sediment,  5£3 
IlHtidin,  21,  24,  43,  48,  79 
Histons,  19,  28,  47,  48,  80,  196,  229 

in  urine,  554 
Histojivme,  503 
Hofmann's  tyroain  test,  73 
Holothuria,  mucin  of,  54 
Holozym,  195 

Homocerebrin,  408,  409,  410 
Hornogentistic  acid,  8.  73.  506,  511—513 
Hoppe-Seyler's  CO  blood  test,  173 
xanthine  test,  133 
Horn,  57,  588 
Hnni  substance  in  the  gizzard  of  birds,  59 

See  also  Keratins. 
Huckleberries,  coloring  matter  of,  in  urine, 

547 
Human  milk,  450 — 455 

,  behavior    in    the    stomach, 
451 
Iliirnin  substances  in  urine,  614 
Humor,  aqueous,  224 
,  vitreous,.  416 
Huppert'e  reaction  for  bile-pigments,  271 
reaction    for    bile-pigments   in 
urine,  559 
Hyalines,  63 

of  the  walls  of  hydatid  cysts,  590 
of  Rovida's  substance,  1 18, 186, 
227 
Hyalogens,  53 
Hvalomueoid,  416 
Hydatid  cystB.  590 
Hydremia,  20R 
Hydramnion,435 


Hydrazins,  85 
Hydrasons,  85 
Hydrobilirubin,  270 

,  relation  to  urobilin, 516 
Hydrocele  fluids,  220,  223 
Hydrocephalus  fluid,  224 
livdroquinone,  8,  506,  547 
Hydroquinone  sulphuric  acid,  503,  506 
1 1  vdrocnioric  acid,  secretion    in    btoiuaea, 
298,  306,  313 
,  anti-fermeiitive  action 

of,  312 
,  action  of,  on  secretion 
of  pancreatic  juice. 
322 
.  action  of,  on  pylons, 

309 

.quantitative  estimation 
in    gastric  content*, 
315,  316 
,  reagents  for  free  HQ 
in    gastric  en 
314 

Hydrocinnamic  acid,  behavior  in  the  ani- 
mal body,  500 
Hydrocyanic  acid,  action  on  peptic  diges- 
tion,  303 
,  action    on    tryptic  di- 
gestion, 328 
Hydrogen  in  putrefactive  and  fennentiv? 

processes,  4,  334,  336 
Hydrogen    peroxide,    decomposition    of, 

try  eatalases,  6,  13 
Hydrogenases,  13 
Hydrolytic  cleavages,  10 

.  See  also  the  various 
cleavages. 
Hydronephrosis  fluid,  462 
Hydroparacoumaric  acid,  511 

,  in      intestinal 
putrefaction. 
334 
Hydrox3damine,  poisoning  with,  499 
Hyoglyeocholic  ucid,  265 
Hyperglycemia,  255,  256 
Hyperistonic  solutions,  162 
Bypjafttonhs  solutions,  162 
Hypnotics,    relation  to  formation  of  ciy- 

cogen.  248 
HypogaMc  acid.  1 15 
Hyposulphites  in  the  urine,  524 
Hypoxanthine,  131 

,  properties,  134,  135 
,  passage    of,     into    urinei 
494 

Tchthidin,  427,  433 
Icht  hin.  433 

Ichthulin,  26,  55,  427,  433 
Ichthylepidin,  65 
Icterus,  280,  281 

in  urine.  558 
Immunity,  17,  156 
Incubation  of  the  egg,  433—435 
Indican  tost,  JaiTc's,  509 
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Indican  test,  Obermeyer's,  508 
Indican,  urine,  507—508 

,  elimination  in  starvation,  337, 

507 
,  elimination  in  disease,  507 
Indigo,  507 

in  sweat,  596 
in  urinary  sediments,  583 
Indigo  blue,  335,  507,  514 
Indol,  properties,  335 

,  formation  from  proteid,  21,  22,  23 
,  formation  in  putrefaction,  334,  335, 

503,507,510 
,  formation  from  melanins,  592 
Indophenol  blue,  8 
Indoxyl,  335,  507 

Indoxyl-glucuronic  acid,  507,  509,  522 
Indoxyl  red,  508 
Indoxyl-sulphuric  acid,  507,  508 
Inosimc  acid,  128,  383,  386 
Inosite,  properties  and  occurrence,  386, 
387 
,  in  urine,  573 

,  relation  to  formation  of  glycogen, 
245 
Integral  factor,  490 
Intestinal  calculi,  343 
Intestinal  contents,  331—340 
Intestinal  fistula,  317 
Intestinal  gases,  334,  336 
Intestinal  juice,  316—319 

enzymes  of,  318,  321,  322 
Intestinal  mucosa,  316 
Intestine,  putrefactive  processes  in,  333 — 
340,  501,  503,  507 
,  reaction  in,  333,  340 
,  absorption  in,  339,  344—357 
,  digestive  processes  in,  331 — 334 
Intracellular  enzyme  action,  11 
Inulin,  104 

,  relation  to  formation  of  glycogen, 
247 
Inversion,  101,318,349 
Invertases,  13,  14,  102,  318,  349 
Invert-sugar,  101 

Iodides  and  secretion  of  gastric  juice,  307 
Iodine  equivalent,  114 
Iodine,  passage  of,  into  milk,  459 
,  passage  of,  into  sweat,  596 
,  passage  of,  into  saliva,  293 
Iodized  proteids,  22,  65,  66,  234 
Iodized  fats,  372,  458 
Iodo-cholalic  acid  compound,  266 
Iodoform,  behavior  in  the  animal  body, 
540 
test,  Gunning's,  575 
test,  Lieben's,  575 
Iodogorgonic  acid,  65 
Iodohasmatin,  179 
Iodospongin,  65 
Iodotnyreoglobulin,  234 
Iodothyrin,  231,  234,  236 
Ion  action,  28, 140, 141, 164 

in  blood-serum,  157 
in  glands,  231,  234 


Iron  in  blood,  156,  201 

in   blood-pigments,    166,  176,    179, 
182  280 

in  bile,  262,  274,  280 

in  hair,  588,  592 

in  urine,  535 

in  the  liver,  240,  242,  243,  281 

in  milk,  448,  455,  459 

in  the  spleen,  232,  233 

in  muscles,  391,  402 

in  new-born,  233,  243,  455 

in  protein  substances,  8,  18,  34,  125, 
232,  241,  281 

b  cells,  140 

,  elimination  of,  274,  281,  294,  535 

and  blood  formation,  427 

and  bile  formation,  280 

,  absorption  of,  206,  207 
Iron  salts,  elimination  by  the  urine,  535 
,  action  on  the  blood,  207 
,  absorption  of,  207 
Iron  starvation,  637 
Ischuria  in  cholera,  597 
Isobilianic  acid,  266 
Isocholanic  acid,  267 
Isocasein,  441 
Isocholesterin,  284,  285 

in  vemix  caaeosa,  593 
IsocreatinLne,  384 
Isodynamic  law,  626 
Isogfucosamine,  86 
Isomaltose,  102,  291,  325 
in  urine,  521 
Isosaccharin,    relation    to   formation   of 

glycogen,  248 
Isotonic  solutions,  162 
Isotropous  substance,  376 
Ivory,  370 

Jaffa's  indican  test,  508 

_  creatinine,  483 
Jan  thin  in,  593 
Japanese,  nutrition  of,  660 
Jaune  indien,  100 
Jecorin,  123,  232,  242 
,  in  blood,  154 
Jeauirity  bean,  17 
Jolles's  reaction  for  bile-pigments,  560 

Kephir,  445,  449 

,  anti-putrefactive  action,  338 

Kerasin,  408,  409,  410 

Keratose,  58 

Keratins,  26,  57,  58,  59 

,  behavior  in  the  stomach,  304 
,  behavior  with  pancreatic  juice, 
330 

Ketones,  behavior  in  the  animal  body,  541 

Ketoses,  84,  97 

Kidneys,  461,  462 

,  relation  to  formation  of  urea,  472 
,  relation  to  formation  of  hippuric 
acid,  501 

Kinases,  321 


jtuod  of  determining  nitro- 

■tion    lethod,  568 

irtib    b,  364 

Jm  L  ithod   for  determining 
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,  513,  526 
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143,344 

icids,  also  390 

,uWL         u,  88.  04,  312,  313. 
331,333,388, 
438,  445 
in  intestine,  331, 

333 
in  sf.inKirli,:-U'J, 

313 

b  milk,  438,  445 
n?tic  acids.  438—441 

in  intestine.  331,  333 
in  urine,  388,  488,  521 
in  bones,  369 

in  Btoraacli,   298,  314,  315, 
316 
,  relation  to  formation  of  uric 

acid,  488 
.    See  also  Paralactic  and  Fer- 
mentation lactic  acids. 
Lacto-caramel,  445 
Lacto-globulin,  443 
Lactones  of  varieties  of  sugars,  84 
Lactophosphocamic  acid,  444 
Lactoprotein,  444 
Lactose.     See  Milk-sugar,  103,  444 
Lsevolactic  acid,  388 
Ltevulose,  84.  86,  91.  92,  96,  97 
in  urine,  570 
in  blood,  154 

relation  to  glycogen  formation, 
250 
,  absorption  of.  349.  350 
,  behavior  in  diabetics,  256 
in  transudations,  220 
Ltpvulosemethyl  phenylosazouc,  97 
Laiose,  570 

Lake  color  of  blood,  189 
Lanoceric  acid,  594 
Lanolin,  285 
Lannpalmitic  acid,  594 
Lanugo  hair,  435 
Lard,  absorption  of,  354  _ 
Large  intestine,  extirpation  of.  357 

,  secretion  of,  319 
Latebra,  426 
Laurie  acid,  108 

in  butter,  440 
in  spermaceti,  115 
Lead  colic,  elimination  of  urobilin  in,  517 


Lead  in  the  blood,  201 
in  the  liver,  244 
,  passage  of,  into  milk,  459 
Lecithalbumins,  35,  295 

,  relation    to  secretion 

gastric  juice,  295 
,  relation    to  Mmtktf 
urine,  463 
Lecithin,  120 

in  milk.  440,  452 
in  the  liver,  242 
,  importance  for  cells,  637 
,  putrefaction  of,  1 22,  337 
Legal' a  acetone  reaction,  575 
Leuiolic  acid,  108 
Lena  (see  Crystalline  lens).  416 
,  capsule  of.  53,  416,  417 
,  fibres  of,  417 
Leo's  sugar.  570 
Lepidoporphyrin ,  593 
Lepidotic  acid,  593 
Lethal,  115 
Leuctemia,  blood.  131.  208.  209 

,  uric  acid,  elimination  in,  234. 

485,  4*6 
,  xanthine  bodies  in,   131,  268, 
494 
Lcucin,  68 — 70 

,  relation  to  formation  of  uric  acid, 

488 
,  relation  to  formation  of  sugar,  251 
,  relation  to  formation  of  urea,  4(S», 

539 
,  preparation,  69,  70 
,  passage  of,  into  urine,  579 
.  behavior  in  the  animal  body,  251, 
469,  539 
Leucin  eth.ylester,  70 
Leucinic  acid,  69 
Leucinimid,  70 

Leucocytes,  relation   to   absorplion,  347 
,  relation  to  formation  of  uric 
acid,  487 
in  thymus  gland,  229,  231 
Leucomaines,  17 

in  urine,  526 
in  muscles,  386 
Leuconuclein,  192,  229 
Levulinic  acid,  52,  90,  444 
Lichenin,  105 

Lieben's  acetone  reaction,  575 
Lieberkuhn's  alkali-albuminate,  35 

glands,  317 
Liebermann'a  reaction  for  proteids.  31 
Lipbermann-Burchard's  reaction  for  cho 

lesterin,  284 
Liebig's  titration  method  Tor  estimating 

urea,  476 — 478 
Lienoproteases,  232 
Ligament  um  nucha?,  59,  359 
Lignin,  107 
Linoleic  acid,  108,  112 
Linseed-oil,  feeding  with,  371,  458 
Lion's  urine,  485 
Lipanin,  absorption  of,  354 
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Lipase,  14 

in  blood,  155 
in  stomach,  306 
in  pancreatic  juice,  325 
in  milk,  444 
Lipiawsky's  acetoacetic  acid  reaction,  577 
Lipochromes,  156,  428 
Lipoids,  120 
Lipuria,  579 
Lithium  in  blood,  201 
Lithium  lactate,  390 
Lithium  urate,  491 
Lithobilic  acid,  344 
Lithofellic  acid,  268,  344 
Lithuric  acid,  526 
Liver,  239—244 

,  relation  to  coagulation  of  blood,  197 
,  relation  to  formation  of  uric  acid, 

487,  488 
,  relation  to  formation  of  urea,  469, 

470,  471.  472 
,  blood  of,  203,  252,  253 
,  proteids  of,  240 
,  fat  of,  241 

,  quantity  of  sugar  in,  253 
Liver  atrophy,  acute  yellow,  277,  579 

,  elimination  of  ammonia  in, 

472 
,  elimination  of  urea  in,  472 
,  elimination  of  leucin  and 

tyrosin  in,  579 
,  elimination  of  lactic  acid 
in,  388,  521 
Liver  cirrhosis,  ascitic  fluid  in,  224 

,  action  of,  on  the  elimina- 
tion of    ammonia  and 
urea,  472 
Liver  extirpation,  elimination  of  ammonia 
with,  472,  487 
,  elimination  of  uric  acid 

with,  487 
,  elimination    of    lactic 
acids  with,  388,  487, 
521 
,  action  on  formation  of 
bile,  278 
Lotahiston,  49 
Lung  catheter,  608 
Lungs,  614,  615 
Luteins,  156,  428 

in  corpora  lutea,  181,  422 
,  egg-yolk,  428 
in  serum,  156 
,  relation  to  hsematoidin,  181, 428 
Lymph,  211—217 
Lymphagoguea,  215 
Lymphatic  glands,  229 
Lymph-cells,  quantitative  composition  of, 
231 

See  also  Leucocytes. 
Lymph-fibrinogen.    See  Tissue-fibrinogen. 
Lysabinic  acid,  37 
Lysatin  and  lysatinin,  79 
Lysin,  48,  78,  79 
Lysins,  l7 


Lysuric  acid,  79 

Mackerel,  flesh  of,  403 

,  sperm  of,  47,  49 
Madder,  feeding  with,  36S 
Magnesium  in  urine,  529,  535,  538 
in  bones,  366,  370 
in  muscles,  391,  402,  404 
.    See  also  various  tissues  and 
fluids. 
Magnesium  phosphate  in  intestinal  calculi, 
443 
in  urine,  529,  535 
in   urinary  calculi, 

584,585 
in     urinary     sedi- 
ments, 5S2,  5S3 
in  bones,  366,  370 
Magnesium  soaps  in  excrements,  341 
Malic  acid,  behavior  in  the  animal  body, 

539 
Maltase,  14,  318 
Maltodextrin,  105 
Maltoglucase,  14,  155 
Maltose,  102 

,  formation  from  starch,  102,  104 

291,  325 
,  absorption  of,  349,  350 
,  relation  to  glycogen  formation, 
250 
in  intestine,  332,  349,  350 
,  occurrence  in  urine,  572 
Mammary  glands,  437,  457 
Mandelic  acid,  543 
Man  in  poorhouse,  diet  of,  664 
Mannite,  85 

,  relation  to  formation  of  glycogen, 
247 
in  urine,  526 
Mannonic  acid,  92 
Mannose,  88,  91,  92,  96 
Mare's  milk,  449,  450 
Margarine  and  margaric  acid,  111 
Marsh-gas,  formation  in  putrefaction,  21, 

334,336 
Maschke's  creatinine  reaction,  482 
Meat  extracts,  action  on  secretion  of  gas- 
tric juice,  298 
Meat,  utilization  in  intestinal  tract,  348 
,  calorific  value  of,  627,  628 
,  digestibility  of,  310 
,  composition  of,  373,  401-404 
See  also  Muscles. 
Meconium,  342 
Medulla  oblongata,  412 
Melanins,  591,  592 

in  the  eye,  416 
in  the  urine,  557 
Melanogen  in  the  urine,  557 
Melanoidic  acid,  591 
Melanoidins,  19,  21,  23,  592 
Melanotic  sarcoma,  pigment  of,  591 
Melissyl  alcohol,  115 
Membranines,  53,  364,  416 
Menstrual  blood.  204 


c 


tn  the  animal  body,  546 

roteins,  21 ,  24,  58 

<i.  ,-,m 

age  of,  into  milk,  459 
~ago  of,  in  sweat,  596 
ion  on  ptyalin,  292 
ion  on  trypsin,  329 
ior  in  the  animal  body, 

13 

J 

lence  of  external  tcm- 
iture  upon,  657 
..        ious  ages,  654 
.n  \.~rk  and  rest,  391 — 101, 

65.5—657 
in  different  sexes,  653 
in  starvation,  628 — 633 
with      different      foodstuffs, 

639—652 
in  deep  and  waking,  657 
,  calculation  of  extent  of,  621 — 
835,  032 
min,  423 
soles,  15 
_,. — ephoric  acid,  as  reagent  for  pro- 
fids.  30,  549 
azym,  105 
hemoglobin,  171.  183 

in  urine,  555 
Methal,  115 
Methane,  formation  in  putrefaction,  21, 

331,  336 
Methane,  92 
Methylenitan,  91 
Methyl  glycocoll.     See  Sarcosin. 
Methylguanidine,  384,  482 
Methylguanidin-acetic    acid,      See   Crea- 
tine. 
Methvlhydantoic  acid,  .540 
Methyl  indol.      See  Skatol. 
Methyl  mercaptan  in  proteids,  21,  334,  336 
Methyl  pentose.     Set*  Rhamnose. 
Methyl  pyridine,  behavior  in  the  animal 

bodv,  543 
Methyl-pyridyl-ammonium        hydroxide, 

547 
Methyluramine,  384.  4S2 
Methyl  xanthine,  131,  495 
Micrococcus  rcstitucnts,  346 
Micrococcus  ureas,  581 
Micro-organisms  in   intestinal  tract,    18, 

312,  333,  337,  341 
Milk,  437,  460 

7  secretion  of,  4.57 

,  consumption   of,   in  intestine,  348, 

355,  451 
,  blue  or  red,  460 

,  anti-pu I ref active  action  in  intestine, 
338,504 
in  disease.  459 
,  passage  of  foreign  bodies  into,  459 
,  behavior  in  the  stomach,  309,  311, 

451 
.  See  also  different  varieties  of  milk. 


Milk-fat,  440,  450 

,  formation  of,  45S 
Milk-globulea  from  cow's  milk,  439,  440 

from  human  milk,  450 
Milk-plasma,  4-10 
Milk-sugar,  103,  444 

,  relation  to  formation  of  g£j- 

cogen,  247 
,  properties,  444,  445 
,  termr'iitut'niii,  Lis,  445,  440 
,  calorific  value  of,  625 
,  quantitative  estimation,    446, 

448 
,  absorption  of,  350 
,  passage  of,  into  urine,  280,  530 
,  origin  of,  459 
Milton's  reageni,  30 

Mineral  acids,  alkali-removing  action  of, 
484,  534.  602,  635 
,  action  on   the  alSmisfctian 
of  ammonia,  464,  S3 1 
Mineral  bodies,  elimination  in  starvation, 
431.533 
,  insufficient  supply  of,  634, 

636 
,  behavior  in  the  organism, 

139,  140,  634,  635 
.  See  also  the  various  fluid* 
tissues,  and  juices. 
Mixture  of  the  nitrogenous  substances  in 

the  urine,  468,  485,  486 
Modified  proteids,  29 
Molisch's  sugar  test,  95,  565 
Monamino  acids,  66—77 

,  behavior  in  animal  bodv, 
489,539 
Monosaccharides,  S4 — 99 
Moore's  sugar  test,  93 
Mfirner-Sj'dqvist's  method    of    estimating 
urea,  479 
method    of    estimating 
acidity,  316 
Morner's     tyrosin     test,     73.     See     also 

Deniges, 
Morners  reaction  for  acetoacetic  acid,  512 
Morphine,  passage  of,  into  urine,  522,  547 

,  passage  of,  into  milk,  459 
Mucic  acid,  98,  105,  444 

,  relation  to  formation  of  gly- 
cogen, 248 
Mucilages,  vegetable,  105 
Mucin,  26,  51—54 

in  sputum,  615 
in  cysts,  425 
in  urine,  525,  553 
in  salivary  glands,  286,  288 
Mucin-like  substances  in  bile,  262,  277 
in  urine,  525,  553 
in  kidneys,  402 
in    thyroid    gland, 

235" 
in     svnovial     fluid. 
225 
Mucinogen,  51,  287 
Mucinoids.     SetH^^u— 
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Mucin  peptone,  52,  304 
Mucoids,  26,  51,  53 

in  ascitic  fluids,  222 
in  the  vitreous  humor,  416 
in  the  cornea,  364 
in  connective  tissue,  358, 359,365 
in  the  hen's  egg,  431 
in  cysts,  423,  424 
Mucous  glands,  52,  286,  295 
Mucous  membranes  of  the  stomach,  295 
Mucous  tissue,  359 
Mucus  of  the  bile,  262,  276 

of  the  urine,  462,  525,  554 
of  synovial  fluid,  225 
Mulberry  calculi,  585 
Murexid  test,  491 

Muscle,  coagulation  of,  377,  380,  381,  393, 
394,404 
,  permeability  of,  392 
Muscle-fibres,  376 
Muscle-pigments.  382 
Muscle-plasma,  377,  378 

.coagulation  of,  378,  380, 
331,  382,  393,  394,  404 
Muscle  rigor,  393,  394 
Muscle-serum,  377 
Muscle-stroma,  380 
Muscle-sugar,  388 
Muscle-syntonin,  380 
Muscles,  non-striated,  404 
,  striated,  376-404 
,  blood  of,  204,  395,  399 
,  chemical  processes  in  work  and 

rest,  394^401,656 
,  chemical  processes  in  rigor,  393 
,  proteids  of,  377—383,  404 
,  extractives  of,  333— 393 
,  enzymes  of,  3S2 
,  pigments  of,  332 
,  fat  of,  391,  399,  403 
,  gases  of,  392,  395 
,  calorific  value  of,  625,  626,  627 
,  mineral  bodies  of,  391,  404 
,  amount  of  water  in,  403 
,  composition  of,  401 
Muscular  energy,  origin  of,  400,  401 
Musculamine,  385 

Muscular  force,  chemical  processes  in  mus- 
cles, 394—401 
,  action  of,  on  urine,  463, 

481,484,520 
,  action  of,  on  metabolism, 
395—401,655—657 
Musculin,  379,  381,  403 
Mussels,  glycogen  of,  244 
,  muscles  of,  404 
Mutton-fat,  feeding  with,  371 

,  absorption  of,  354,  355 
Myeline  forms,  405 
Myelines,  408 
Myoalbumin,  378,  380 
Myogen,  381,382 
Myogen  fibrin,  381,  393,  394 
Myoglobulin,  378,  380 
Myonsematin,  382 


Myoproteid,  382 

Myosin,  24,  26,  373,  378,  379 

,  absorption  of,  345 
Myosin  ferment,  381,  382 
Myosin  fibrin,  379,  381 
Myosinogen,  381 
Myosinoses,  39 
Myricin,  115 
Myricyl  alcohol,  115 
Myristic  acid  in  animal  fat,  106 

in  butter,  440 

in  bile,  274 

in  wool-fat,  594 
Myxcedema,  235 
Myxoid  cysts,  422 

Nails,  57,  588 

Naphthalene,  action  on  urine,  547 

,  behavior  in  the  animal  body, 
542,  546 
Naphthol-glycuronic  acid,  547 
Naphthol,  reagent  for  sugar,  95,  565 

,  behavior  in  the  animal  body, 
522,  547 
Narcotics,  relation  to  glycogen  formation, 

248 
Native  proteids,  29 
Navel  cord,  mucin  of,  51,  52,  361 
Negative  phase,  196 
Neossin,  53 
Nerves,  407,  408,  413 
Neuridine,  408,  412,  426 
Neurine,  120 

,  in  suprarenal  capsule,  237 
Neurochitin,  413 
Neuroglia,  407 
Neurokeratin,  57,  407, 413 
Neutral  fats.     See  Fats. 
Nitrates  in  the  urine,  533 
Nitric-oxide  haemoglobin,  174 
Nitrites,  behavior  in  the  animal  body,  540 
Nitro-benzal^ehyde,  behavior  in  the  ani- 
mal body,  544 
Nitro-benzoic  acid,  544 
Nitre-benzyl  alcohol,  546 
Nitro-cellulose,  107 
Nitro-hippuric  acid,  544 
Nitro-phenyl-propiolic   acid,  reagent  for 

sugar,  82, 
565 
,  behavior  in 
the  animal 
body,  507, 
509 
Nitro-toluene,    behavior    in    the   animal 

body,  546 
Nitrogen,  combined,  amount  of,  in  intesti- 
nal      evacuations, 
618 
,  in  meat,  403,  620 
,  in  urine,  468 
,  estimation        of.    in 
urine,  475 — 480 
Nitrogen  elimination  in  work   and   rest, 
396,  398,  65A  656 
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Jaon   in   starvation,  629, 

too 

with  various  foods, 

639— G50 
by  the  in  tea  tine,  343, 

618 
by   the   urine,    468, 
530,-532,618—620 
by     the     epidermis, 

619 
by  the  Bweat,   596, 

619 
,  relation  to  the  elim- 
ination  of    phos- 
phoric acid,  530, 
620 


,  l a  t 

activit* 
642 
gen,  free,  in  blood,  598 

,  in  intestine,  336 
,  in  stomach,  308 
,  in  secretiuiifl,  603 
,  in  transudations,  604 
,  in  urine,  536 
Nitrogen  in  the  proteid  molecule,  18,  19 
Nitrogenous  deficit,  619 
Nitrogenous  equilibrium,  619 

,  w  i  t  h     various 
foods,  640, 
641,  645,  648 
Nitroso-indol  nitrate,  335 
Non-striated  muscles,  i04 
Norisosaccharic  acid,  98,  427 
Nubecula,  462,  581 
Nucleic  acids,  56,  57,  124,  125,  126—130 

in  the  urine,  554 
NucJcin  bases,  130—137 

in  blood,  131,  156 
in  the  urine,  494 
Nucleins,  56,  125,  126 

,  relation   to    elimination    of    al- 

Inxuric  bases,  494 
,  relation    to    formation    of    uric 

acid,  4S6,  487 
,  relation  to  elimination  of    P,0§, 

529,  530 
,  behavior  with  gastric  juice,  56, 

125,  304 
,  behavior  with  pancreatic  juice, 
329 
Nucleui  plates,  186 
NucJeoalbumins,  26, 34, 117, 126 

in  the  bile,  262,  273 
in  the  urine,  553 
in  the  kidneys,  462 
in  protoplasm,  117 
in  transudates,  218,  221 
,  behavior  in  pepsin  diges- 
tion, 29,  34,  35,  126, 
443,  451 


Nucleoglucoproteids,  56 
Nucleohiston,  48,  186.  229.  230 

,  relation  to  coagulation  of 
blood,  192 
in  urine,  554 
Nucleoproteids,  26,  50,  56,  57.  124,  126 
in  the  liver,  240 
in  gastric  juice,  298. 300 
in  blood,  148 
in  bile,  278 

in  mammary  glands,  437 
in  muscles,  3>0,  404 
in  the  kidneys,  ttd 
in  the  pancreas,  124, 125, 

320 
in  protoplasm,  118 
in  cell  nucleus.  318,  124 
in  thyroid  gland  234 
in  thymus..  229 
,  behavior  in  pepsin  diges- 
tion. 56.  125,  304 
,  behavior  with  pancreatic 
juice,  329 
i-leon,  385 

in  milk,  444 
NucleoBin,  138 
Nutrition  requirements,  640 

of  man.  650—666 
Nylander's  reagent.     See  Almen-Iiotrger's 
sugar  teat. 

Obt-rmever's  indiran  test,  508 
Obennuller's  cholesterin  reaction.  284 
Odoriferous  bodies  in  the  urine,  547 
(Edema,  subcutaneous,  fluid  from,  225 
Oertel's  diet  cure,  665,  666- 
(Esophageal  fistula,  296 
Oleic  acid,  112,241 

C'lrill,   111 

Oligemia,  207 

Oligocythemia,  207 

Oliguria,  537 

Olive  oil,  absorption,  of,  354 

,  action  on  the  secretion  of  bile, 
261 

Ouuphin,  53 

Oocyanin,  432 

Oorodein,  432 

Opalisin.  444,  452 

Opium,  459 

Optograms,  415 

Orcin  test,  90,  572 

Organic  acids,  behavior  in  the  animal  body, 

464,  534,  539 
Organized  proteids,  641,  642 
Organs,  loss  of  weight  in  starvation,  632 
Organs  of  generation,  439—436 
Omithin,  24,  78,  543,  545 
Ornithuric  acid,  78,  543 
Orthoiiitrophenylpropiolic  acid-   See  Nitro 

phenylpropiolic  acid. 
Orylic  acid,  444 
Osarnjnic  acid,  86 
Osamines  of  varieties  of  sugar,  86 
Osaaones,  86 
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Osmosis,  relation  to  absorption,  357 

,  relation    to   lymph     formation, 
216 
Osmotic  pressure  of  blood,  158,  159 

of  urine,  465 
Osone,  86 
Ossein,  61,  365 
Osseoalbumoid,  365 
Osseomucoid,  52,  365 
Osteomalacia,  368,  369 
Osteoporosis.    See  Osteosclerosis. 
Osteosclerosis,  368 
Otoliths,  418 
Ovalbumin,  20,  23,  430 
Ovarian  cysts,  422,  425 
Ovaries,  422 
Ovoglobulin,  23,  429 
Ovomucoid,  53,  431 
Ovovitellin,  24,  26,  326 
Ovum,  426 — 436 
Oxalate  calculi,  585 
Oxalate  of  lime.    See  Calcium  oxalate. 
Oxalates,  action  on  blood  coagulation,  143, 

189 
Oxalic  acid,  origin,  20,  23,  498 

in  the  urine,  497,  582 
,  behavior  in  the  animal  body, 
498,  508,  539 
Oxalic  acid  diathesis,  498 
Oxaluria,  498 
Oxaluric  acid,  484,  497 
Oxamide,  21 

Oxidases,  7,  8,  13,  73,  155,  444 
Oxidation  ferment.     See  Oxidases. 
Oxidations,  1—9,  168,  169,  256,  334,  375, 

470,  507,  516,  539,  542,  604 
Oximes,  85 
Oxonic  acid,  485 

Oxyacids,  formation  in  putrefaction,  22, 
334 
,  detection  of,  511 
,  passage  of,  in  urine,  334,  511 
in  the  sweat,  596 
Oxybenzoic  acid,  behavior  in  the  animal 

body,  443 
Oxybenzenes,  542 
Oxybutyric  acid,  577 

,  detection    and    estima- 
tion, 578 
in  the  blood,  603 
,  passage    of,    into     the 
urine,  534,  573,  574 
Oxyethylsulphonic  acid,  behavior  in  the 

animal  body,  541 
Oxyfatty  acids  in  animal  fat,  108 
Oxygen,  consumption,  607 

in  work  and  rest, 

395,399 
in  starvation,  630, 

633 
by  the  skin,  596 
Oxygen,  activity  of,  3—9,  169 

in  the  blood,  599,  605—610 
in  the  intestine,  336 
in  the  lymph,  212,  603 


Oxygen  in  the  stomach,  308 

in    the     swimming-bladder    of 

fishes,  613 
in  secretions,  603,  604 
in  transudations,  604 
,  tension  of,  in  blood,  604 — 610 
,  lack  of,  action  on  proteid  destruc- 
tion, 389,  397,  468 
,  lack  of,  action  on  elimination  of 

lactic  acid,  389,  521 
,  lack  of,  action  on  elimination  of 

sugar,  389 
,  capacity,  628 
Oxygen-carriers,  7,  169 
Oxygen,  calorific  value  in  the  combustion 

of  different  foods,  623,  624 
Oxygen  consumption  in  the  blood,  171, 599 
Oxygenases,  8 
Oxyhaematin,  176 
Oxyhfemocyanin,  184 
Oxyhemoglobin,  167 

,  dissociation  of,  167,  605 
,  properties  and  reactions, 

167—170 
,  quantity  of,  in  the  blood, 

165,  200,  203—207 
,  quantity  in  the  muscles, 

382 
,  passage  of,  into  the  urine, 

554 
,  behavior     with    gastric 

juice,  304 
,  behavior    with    trypsin, 
330 
Oxyhydroparacoumaric  acid,  511 
Oxymandelic  acid,  511,  513 
Oxynaphthalene,  542 
Oxyphenyl-acetic  acid,  72,  334,  511,  545 
Oxy  phenylami  nopropionic     acid.     See 

Tyrosin. 
Oxyphenylethylamine,  21,  41 
Oxyphenylpropionic  acid,  22,  334,   511, 

545 
Oxyproteic  acid  in  urine,  523,  524 
Oxyprotosulphonic  acid,  22,  23 
Oxypyrrolidmcarbonic  acid,  21,  24,  80 
Oxyquinoline,  546 
Oxyquinolincarbonic  acid,  511 
Ozone,  3 
Ozone  transmitter,  169 

Palmitic  acid,  111 
Palmitin,  111 
Pancreas,  319,  320 

,  relation  to  glycolysis,  155,  258, 

259,  321 
,  extirpation  of,  action  on  absorp- 
tion, 349,  355 
,  extirpation   of,   elimination  of 

sugar,  257,  258 
,  charge  of,  323 
,  change  during  secretion,  319, 

Pancreatic  calculi,  331 
Pancreatic  diabetes,  257 


sretion  of,  321,  322 
eym<»  of,  321,  322 
;ion     on     foodstuffs, 
324—331,  351,  354 
.ion  upon  proteoses,  43 
.484 


[i  in  putrefaction,  334, 
»  Serglobulin. 

ad 

,-u,  168 

...d,  388 

,  relation  to  formation  of 

uric  acid,  488 
,  properties  and  occurrence, 

388 
,  formation  from  glycogen, 

389,  394 
,  formation  in  osteomalacia 

bones,  369 
,  formation  in  muscle  dur- 
ing work,  396,  399 
,  formation  in  rigor  mortis, 

391 
,  formation  in  lack  of  oxy- 
gen, 389.  396,  521 
,  formation      in      animals 
with  extirpated  livers, 
389,  521 
,  passage  of,  into  the  urine, 
397,  488,  521 
Paralbumin,  235,  424 
Paralytic  saliva.  287 
Paraminophenol,  542 
Paramucin,  424,  425 
Paramyosinogen,  379,  382 
Paranuclein.     See  Pseudonuclein. 
Paranucleic  acid,  943 
Paraoxyphenylacetic  acid,  72,  334,  511 
Parnoxyphenvlpropionic  acid,  22,  511 
Paraoxyproptophenone,  behavior  in    ani- 
mal body,  545 
Parapeptone,  303 
Paraxan thine,  131,  495 

in  urine,  494.  495 
Parietal  or  delomorphic  cellSj  295,  307 
Parotid,  286 
Parotid  saliva,  288 
Parovaria!  cysts,  422 
Pemphigus  chrontcus,  224 
Penicillum  glaucum,  69 
Pent  nor  in  in.  593 

Pentarnethylendiamine.     See  Cadaverin. 
Pentosanes.89 
Pentoses,  89 

,  relation  to  glycogen  formation, 
89,  247 
in  urine.  89,  571 


r— 47, 


Pentoses  in  pancreas, 

in  nucleic  acids.  127 
in  nucleoproteids,  56, 
437 
Penzoldt,  acetone  reaction,  576 
Pepsin,  299—304 

,  preparation  of,  300 
,  properties,  300 
,  detection  in  gastric  contents,  313 
,  quantitative  estimation,  301,  3*l2 
,  occurrence  in  the  urine,  356,  525 
,  occurrence  in  muscles,  383 
,  action  on  proteid,  300 
,  action  on  other  bodies,  304 
Pepsin  digestion,  300—304 

,  products  of,  41,  42,  303 
Pepsin  glands.  295,  305.  307 
Pepsin  glutin  peptone,  45 
Pepsin-hydrochloric  acid,  304 
Pepsin-like  enzyme,  299 
Pepsinogen,  295 
Pepsin  peptones,  44 
Pepsin  test,  301 
Peptides,  25,  330 
Peptochondrin,  362 
Peptones,  20,  21,  26,  29.  37—47 
in  putrefaction,  21,  334 
in     pepsin    digestion,    3 

303, 

in  trypsin  digestion,  37—47 
t  assimilation  of,  344—349 
,  preparation,  46 
,  absorption  of,  344,  345 
,  passage  of,  into  urine,  346,  551 
,  action  on  the  secretion  of  gas- 
trio  juice,  297 
Peptone-plasma,  143,  191 

,  carbon-dioxide     tension, 
611 
Peptonuria.  551 
Peptozvni,  197 
Percagfobulin,  433 
Pericardial  fluid,  218,  220 
Perilymph,  418 
Peritoneal  fluid,  218,  221 
Permeability  of  the  blood-corpuscles,  164 
Peroxides,  in  the  cells,  6 

,  decomposition  by  catalyses,  6, 7 
Peroxidases,  8 
Peroxypmteic  acid,  23,  524 
Perspiratio  insenaibilis,  618 
Perspiration,  594—596 
Pottenkofer's  test  for  bile-acids.  112,  263, 
558 
respiration  apparatus,  613 
Phacozymase,  417 
Phaseomannite,  3S6 
Phenaceturic  acid,  503,  543 
Phenol-glucuronic  acid,  505,  546 
Phenol-sulphuric  acid  in  the  urine,  504— 
506 
in  sweat,  596 
Phenols,  elimination    by    the    urine,  334, 
503—510.  542,  545 
in  starvation,  337 
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Phenols,  estimation  in  the  urine,  505,  509 
,  action  on  the  urine,  506,  547 
,  foimation    in    putrefaction,    21, 

334,503,  504 
,  behavior  in  the  animal  body,  334, 
503,  504,  545 
Phenylacetic  acid,  formation  in  putrefac- 
tion, 21,  334 
,  behavior  in  the  ani- 
mal body,  503,  543 
Phenylalanin,  25,  41,  5S,  61,  74 
Phenylaminoacetic  acid,  behavior  in  the 

animal  body,  543 
Phenylaminopropionic  acid,  21,  24 
Phenylaminopropionic  acid,  behavior  in 

the  animal  body,  542,  543 
Phenylglucosazone,  86,  95 
Phenylhydrazine  test,  86,  95 

in  the  urine,  563 
Phenyllactosazone,  445 
Phenylpropionic    acid,    behavior    in    the 

animal  body,  501,  543 
Phenylpropionic  acid,  formation   in   pu- 
trefaction, 21,  334,  501 
Phlebin,  165 
Phlorhizin,  241,  255,  575 

,  poisoning  with,  508 
Phlorhizin  diabetes,  255,  522 
Phloroglucin  as  reagent,  90,  314,  572 
Phosphate  calculi,  585 
Phosphates  in  urine,  463,  529—532,  531 
— 5S4 
.  See  also  the  different  phos- 
phates. 
Phosphatides  in  bile,  274 

in  the  brain,  407 
Phosphaturia,  530 
Phosphocarnic  acid,  383,  385 

in  the  milk,  444 
in  blood,  156 
in  brain,  408 
in  the  urine,  525 
in    relation     to    the 
elimination  of  CO. 
and  lactic  acid,  394 
in  relation  to  muscu- 
lar   activity,    397, 
401 
Phosphoglucoproteid,  50,  56,  433 
Phosphoric  acid,  elimination  by  the  urine, 
529—532,  535 
,  formation     in    muscular 

activity,  397 
,  physiological  importance, 

140 
,  quantitative     estimation 
of,  531 
Phosphorized  combinations  in  the  urine, 

525 
Phosphorus  poisoning,  action  on  the  elim- 
ination of  am- 
monia, 472 
,  action  on  the  elim- 
ination of  urea, 
472 


Phosphorus  poisoning,  action  on  the  elim- 
ination of  lactic 
acid,  3S9,  521 
,  fatty  degeneration 
caused  by,  241, 
372 
.  liver  autolysis   in, 

12 
,  change      in      the 
urine,  389,  472, 
580 
Photomethsmoglobin,  172 
Phrenin,  412 
Phrenosin,  410 

Phthalic  acid,  behavior  in  the  body,  542 
Phyllocyanin,  180 
Phylloporphyrin,  165,  180 
Phymatorusin,  591 

in  the  urine,  557 
Physetoelic  acid,  115 
Physiological  availability,  527 
Pbvtosterines,  283 

a-Picolin,  behavior  in  the  animal  body,  544 
Picric  acid,  reagent  for  proteid,  30,  553 
,  reagent  for  creatinine,  483 
,  reagent  for  sugar,  95,  565 
Pigment  calculi,  282 
Pigments  of  the  eye,  414 — 416 
of  the  blood,  164—183 
of  the  blood-serum,  156,  428 
of  the  corpora  lutea,  181,  422 
of  the  egg-shell,  432 
of  feathers,  592 
of  the  fa^cells,  370 
of  the  bile,  269—274,  276 
of  the  urine,  514—520 
of  the  skin,  590—593 
of  the  lobster,  433,  592 
of  the  liver,  241 
of  the  muscles,  382,  383 
of  lower  animals,  184,  592 
,  medicinal  pigments  in  the  urine, 
547,560 
Pigmentary  alcoholia,  277 
Pig's  milk,  450 
Pike,  flesh  of,  403 

Pilocarpin,  action  on  the  secretion  of  in- 
testinal juice,  317 
,  action  on  .  the  elimination  of 

CO,  in  the  stomach,  309 
,  action    on    the    secretion    of 

sweat,  596 
,  action    on    the    secretion    of 

saliva,  293 
,  action  on  the  elimination  of 
uric  acid,  486 
Piperazin  solvent  for  uric  acid,  491 
Piperidin,  491 
Piqflre,  256 
Pina's  tyrosin  test,  73 
Placenta,  435 
Plant  nucleic  acids,  129 
Plants,  chemical  processes  in  the  same,  1, 2 
Plasma.     See  Blood-plasma. 
Plasminic  acid,  130 
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Plasmoschisb,  191 

Plasmoscyra,  195 

Plastein,  44,  306 

Plastin,  124,126 

Flastinogen,  44 

Planners  crystallised  bile,  2G3 

Plethora  polycythemia,  207 

Pleural  fluid,  218,  221 

Plums,  action  on  the  elimination  of  hip- 

puric  acid,  500 
Pneumonic  infiltration,  solution  of,  12,  614 
Poikilocytosis,  208 
Polarization  test,  564 
Polycythemia,  207,  210 
Polypeptides,  25 

in  tryptic  digestion,  42,  330 
Polvperythrin,  593 
Polysaccharides,  103—107 
Polyuria,  537 
Pons  varolii,  412 
Pork-fat,  absorption  of,  355 
Portal  vein,  blood  of,  203,  252,  349 
Positive  phase,  196 

Potassium  combinations,  division    of,    in 
the    form-ele- 
ments       and 
fluids,  139 
,  elimination     of, 
in  fevers,  533 
,  elimination     of, 
in  starvation, 
533,  631 
,  elimination     by 
the  saliva,  293 
in  the  urine,  533 
Potassium  chlorate,  poisoning  with,  171 
Potassium  phosphate  in  yolk  of  eggs,  429 
in  muscles,  391 ,  404 
in  cells,  139,  140 
in  spermatozoa,  421 
Potassium  sulphocyanide  in  the  urine,  523 
in    saliva,    288, 

290 
in   gastric    con- 
tents, 299 
Potatoes,  absorption  of,  m  the  intestine, 

351 
Potential  energy  of  various  foods,  624: — 

628 
Precipitins,  156 
Preglobulin,  118,  192,  231 
Preputial  secretion,  594 
Primary  proteoses,  40 
Prisoners,  food-ration  for,  664 
Proliferous  cysts,  422 
Propepsin,  307 
Pro  peptones,  37 

Propylamin,  solvent  for  uric  acid,  491 
Propyl  benzene,  542 
Propylene  glycol,  relation  to  formation  of 

glycogen,  248 
Prosecretin,  319,  322 
Prostatic  calculi,  422 

secretion,  419 
Prostetic  group,  56 


Protagon,  123,  231,  407,  408,  409 
Protalbiuic  acid,  37 
Protoproteoses,  22,  39 
Protamine  19,  20,  47.  80, 124„  421 
Proteid,  separation  from  fluids,  33 

,  approximate    estimation    in   the 

urine,  553 
,  circulating    and    tissue    prot 

641.642 
,  action  on  the  formation  of  gl) 

eogen,  248,  249 
,  active,  4 

,  living  and  non-living,  4 
,  detection  of,  29—32 
,  detection  of,  in  urine,  547—550 
,  quantitative  estimation  of.  32 
,  quantitative     estimation    of, 

urine,  552 
,  quantitative    estimation     of, 

milk,  446,  447 
,  absorption  of,  344 — 349 
,  passage  of,  into  the  urine.  517 
,  heat  of  combustion  of,  626, 
,  digestibility  in  gastric  juice, 

301,302,309,310 
,  digestibility  in  pancreatic  juice. 
327,328 
Proteid  bodies  in  general,  18 — 47 

,  summary  of  the  various, 

26,33—47 
.  See  also  the  various  pro- 
teid bodies  of  tlie  tiauas 
and  fluids. 
Proteid  glands,  56,  286 
Proteid  metabolism    in  work    and    rest, 
397—401 ,  655 
in  starvation,  629 
in  various  ages,  654 
with  different  foods, 

639—650 
after     feeding    with 
thyroid     extract*, 
235 
Proteid   putrefaction,    16,   21,  333—340, 

501,503,  510 
Protein,  relation  to  the  albuminates,  3C 
Proteinochrornogen,  21,  81 
Protein  substances,  IS— 66.     See  also  in- 
dividual protein  bodies. 
Proteoses,  26,  39,  37 

,  general  properties  and  preps- 
ration,  37 — 47 
b  blood,  153.347 
,  formation    in  proteid  putrefac- 
tion, 334 
,  formation  in  peptic  digestion. 

303 
,  relationship  to  the  coagulation 
of  the  blood.  143,  189,  196 
,  nutritive  value,  644 
,  absorption  of,  345 
,  transformation     into     proteid, 

347 
,  occurrence  in  urine,  551 
Prothrombin,  147,  192,  193,  194,  22S 
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Protic  acid,  383 

Protocatechuic  acid,  behavior  in  the  body, 

506 
Protoelastoae,  60 
Protogelatose,  63 
Protogen,  37 
Pro  tones,  48 

Protoplasm,  3,  117, 118 
Protosyntonose,  80 
Pseudochylous  fluid,  222. 
Pseudoglobulin,  149 
Pseudoglycogen  formers,  250 
Pseudo  haemoglobin,  170 
Pseudohevulose,  87 
Pseudomucin,  53,  423 

in  ascitic  fluids,  219 
in  cysts,  422,  423 
in  the  gall-bladder,  278 
Pseudonucleins,  34,  126,  303 

from  casein,  442,  451 
from  vitelin,  427 
,  consummation    and    ab- 
sorption, 231,  620 
Paeudopepsin,  299 
Pseudotagatose,  87 
Pseudoxanthine,  386 
Psittacofulvin,  592 
Psyllic  acid,  594 

Psychical  period  of  secretion,  296 
Psyllosteryl  alcohol,  594 
Ptomaines,  16,  21 

in  the  urine,  526,  580 
Ptyalin,  290 

,  behavior  with  hydrochloric  acid, 

291,  292,  331 
,  action  on  starch,  291 — 294 
Pulmotartaric  acid,  614 
Purin,  130 
Purin  bases,  130—137, 494 

,  quantitative  determination, 
137.  See  also  Nuclein  bases. 
Purple,  593 
Purple  cruorin,  170 
Pus,  226— 229 
,  blue,  228 
in  urine.  55S 
corpuscles,  227 
serum,  226 
Putrefactive  processes,  4,  16,  21 

in  intestine,  333 — 
340,  504—510 
Putrescin,  16 

in  intestine,  580 
in  the  urine,  526,  580 
Pyin,  221,  226,  228 
Pyinic  acid,  228 
Pyloric  gland,  295 
Pyloric  secretion,  308 
Pyocyanin,  229 

in  sweat,  596 
Pyogenin,  227,  409 
Pyosin,  227,  409 
Pyoxan those,  229 

Pyridine,  behavior  in  the  body,  546 
a-Pyridine-carbonic  acid,  543,  544 


a-Pyridine-uric  acid,  543 
Pyrocatechin,  506 

,  occurrence  in  urine,  506 
,  occurrence  in  transudates, 
220 
Pyrocatechin-sulphuric  add,  506 
Pyromucic  acid,  545_ 
Pyromucin-ornithuric  acid,  545 
Pyrrol  derivatives,  80 — 82 
Pyrrolidin  carbonic  acid,  21,  24,  41,  58, 

62,80 
Pyrrolidon  carbonic  acid,  58 

Quercite,  relation  to  glycogen  formation, 

247 
Quinic  acid,  behavior  in  the  animal  body, 

500 
Quinine,  passage  of,  into  urine,  547 
,  passage  of,  into  sweat,  596 
,  action  of,  on  the  elimination  of 

uric  acid.  486 
,  action  on  the  spleen,  234 
Quotient,  respiratory,  255,  375,  399,  622, 
656 

Racemic  acid,  behavior  in  the  animal  body, 

539 
Rachitis,  bones  in,  369 
Reductases,  13 
Reduction  processes,  2,  4,  9 
Reichert's-Meissl's  equivalent,  114 
Reindeer,  milk  of,  450 
Rennin,  13,  17,  155,  304,  442 

,  detection  of,  in  gastric  contents, 

313 
,  occurrence  of,  in  the  pancreas, 

330 
,  passage  of,  into  urine,  534 
Rennin  cells,  295 
Rennin  glands,  295 
Rennin  zymogen,  295,  305 
Resacetophenon,  545 
Resin  acids,  transition  into  the  urine,  547, 

549 
Respiration,  anaerobic,  9 

,  external  598,  604 
,  internal,  598,  604,  612 
of  the  hen's  egg,  433 
of  plants,  2 
.    See  also  Chemistry  of  res- 
piration,  598—614,  and 
Exchange   of  gas  under 
various  conditions. 
Respiratory  quotient,  255,  375,  399,  622, 

656 
Rest,  metabolism  during,  394 — 399,  655 — 

657 
Reticulin,  26,  64,  358 
Retina,  414 
Reversion,  101 
Revertose,  14 

Reynolds'  acetone  reaction,  575 
Rhamnose,  relation   to  glycogen   forma- 
tion, 247 
Rheometer,  608 
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Rhodizonic  arid,  387 

Sarculemma,  376 

Rhodophan, 416 

Sarcomelanin,  591 

Rhodopsin,  414 

Sarcomelanic  acid,  591 

Rhubarb,  action  on  the  urine,  547,  560 

Sarcosin,  3n4 

Rib-cartilage,  363 

i  behavior  in  the  animal  body,  540 

Rigor  mortis  of  the  muscles,  393,  394 

Sarkine.     See  Hypoxanthine. 

Roberta'    method    of    estimating    sugar, 

Scberer s  inosit  test,  3S7 

569 

SchifF s  reaction  for  cholesterin,  284 

Roch's  reaction  for  protcid,  550 

reaction  for  uric  acid,  492 

Rodents,  bile-acida  of,  265,  276 

reaction  for  urea,  473 

1  tods  of  the  retina,  pigments  of,  414 

Sehreiner's  base,  420 

Rosenbach's  bile-pigment  test,  559 

Schweitzer's  reagent,  107 

urine  test,  579 

Sclerotica,  418 

Rotation,  specific,  88 

Scorn  brin,  47 

Rosin's  hevulose  reaction,  97 

Scombron,  49 

Rovida's  hvaline  substance,  118, 18(5.  227, 

ScylJit,  232 

419 

S.-vJimol,  262 

Rubner's  sugar  test,  95,564 

Scymnol-sulphurie  acid,  262 

Rye  bread  in  the  intestine,  348,  351 

Sea-urchin,  sperm  of,  49 

Sebacic  acid,  1 12 

Saccharic  acid,  8-1,  102 

Sebum.  593 

.lactone  of,  99 

Secondary  proteoses,  40 

,  relation  to  glycogen  forma- 

Secretin, 322 

tion,  24.S 

Sediments.     See  Urinary  sediments. 

Saccharose,  101 

Sediment  urn  lateritium,  463,  520,  581 

calorific  value,  625,  626 

Seliwanoff's  reaction  for  he vulose,  97,  570 

absorption  of,  350 
S:ilicylase  or  aldchydase,  8 

Semen,  419 

St-inicarbazide,  poisoning  with,  499 

Salicylic  acid,  action  on  pepsin   digestion, 

S-miglutin,  63 

303 

Seminose.     See  Maunose. 

,  action  on  metabolism,  579 

Senna,  action  on  the  urine,  547 

,  action  on  trypsin  digestion, 

Seralbumin,  20,  23,  26,  151 

329 

,  detection    of,    iu    the    urine. 

,  behavior     in     the     animal 

548—550 

body,  543 
Salicylsulphonic  acid  as  proteid  reagent, 

,  quantitative    estimation    of, 

153,  552 

30 

,  absorption  of,  345 

Saliva,  286—295 

Serglobulin,  20,  23.  26,  149 

,  secretion  of,  294 

,  relation  to  the  coagulation  of 

,  mixed,  2S9 

the  blood,  186,  192 

,  physiological  importance,  294 
,  behavior  in  the  stomach,  294 

t  carbohydrate^  group  of,  150 

,  detection  of,  in  the  urine,  550 

,  action  of,  294 

,  quantitative    estimation    of, 

,  gases  of,  603 

153,  552 

,  composition  of,  293 
Salivary  calculi,  294 

Sericin,  26,  66.  67 

Serin,  21,24,58,  67 

Salivary  diastase.     See  Ptyalin. 

Serosamucin,  219 

Salivary  glands,  286 

Serous  fluids.  217—226 

Salkowski's  choJesterin  reaction,  284 

Serum.     See  Blood-serum. 

Salkowski-Ludwig's  method  of  estimating 

Serum  casein.     See  Serglobulin. 

uric  acid,  492 

Sex.  influence  on  metabolism,  653 

Salrain,  47 

Sharks,  bile  of,  262 

Salmon,  flesh  of,  403 

.  urea  in,  467 

,  spemia  of,  47,  421 
Salmonucleic  acid,  128 

Sheep's  milk,  450 

Shell-membrane  of  the  hen's  egg,  57,  74, 

Salte.     See  the   various  salts. 

432 

Salt-plasma,  143 

Sheep,  gastric  juice,  299 
Silicic  acid  in  feathers,  588 

Salts  of_  vegetable  acids,  behavior  in  the 

organism,  464 

in  hair,  5*8 

Samandarin,  594 

in  urine,  536 

Santonin,  action  on  the  urine,  547,  560 

in  hen's  egg,  429,  432,  433 

Saponification  equivalent,  114 

Silicic  acid  ester  in  feathers,  583 

Saponification  of  nentral  fats,  1 10, 326, 332, 
352 

1  Silk  gelatine,  65 

Siniatrin,  animal,  55 

Sarcolactic  acid.     See  Paralactic  acid. 

Silver,  in  blood,  201 
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Skatol,  21,  60,  334,  335 

,  formation     in     putrefaction,    21, 

334,  503,  510 
,  behavior  in  the  animal  body  334, 
503,510,546 
Skatolacetic  acid,  22  * 

Skatolaminoacetic  acid,  22,  81 
Skatolcarbonic  acid,  21,  510 
Skatol-pigment,  510 
Skatoain,  82 
Skatoxyl,  334,  510,  542 
Skatoxylglucuronic  acid,  509,  546 
Skatoxylsulphuricacid,  507,  509 

in  sweat,  596 
Skeletons,  65 

Skeleton  at  various  ages,  367 
Skin,  588-^597 

,  excretion  through,  594,  596,  618 
Sleep,  metabolism,  657 
Smegma  pneputii,  594 
Smith's  reaction  for  bile-pigments,  560 
Snail  mucin,  52 
Snake  poison,  17 

,  relation  to  the  coagulation 
of  blood,  189,  196 
Soaps  in  blood-serum,  154 
in  chyle,  213,  352 
in  pus,  227 

in  excrements,  341,  342 
in  bile,  262,  274 
,  importance  of,  in  the  emulsification 
of  fats,  326,  332,  353 
Sodium    alcoholate    as    a    saponification 

agent,  113,  572 
Sodium  chloride,  elimination  by  the  urine, 
526,527 
,  elimination  by  the  sweat, 

596 
,  physiological  import- 
ance, 635 
,  quantitative  estimation, 

527,  528 
,  influence  on  the  quan- 
tity of  urine,  651 
,  influence  on  the  elimina- 
tion of  urea,  651 
,  influence  on  the  secretion 
of  gastric  juice,  307,635 
,  behavior  with  food  rich 

in  potassium,  635 
,  insufficient     supply    of, 

307,635 
,  action  on  pepsin  diges- 
tion, 303 
,  action  on  trypsin  diges- 
tion, 328 
Sodium  compounds,  elimination    by    the 
urine,  533 
,  division   among   the 
form-elements  and 
fluids,  139 
.    See  also  the  various 
tissues  and  fluids. 
Sodium  phosphate  in  the  urine,  463,  529, 
530,581 


Sodium  salicylate,  action  on  the  secretion 

of  bile,  261 
Sodium    tartrate,    relation    to    glycogen 

formation,  248 
Soldiers,  diet  of,  663,  664 
Sorbinose,  91,  97 
Sorbite,  85 

Source  of  muscular  energy,  400, 401 
Sparing  theory,  249 
Specific  rotation,  87 
Spectrophotometry,  182,  183 
Sperma,  47,  419—422 
Spermaceti,  115 
Spermaceti  oil,  115 
Spermatin,  421 
Spermatocele  fluids,  223 
Spermatozoa,  420,  421 
Spermin,  420 
Spermin  crystals,  420 
Spherules,  27,  426,  433 
Sphygmogenin,  237 
Spider  excrement,  guanin  therein,  133 
Spider  poison,  17 
Spiegler's  reagent,  549 
Spirographin,  53 
Spirogyra,  92,  140 
Spleen,  232,  233 

,  relation  to  formation  of  blood,  233 
,  relation  to  formation  of  uric  acid, 

234,489 
,  relation  to  digestion,  323 
,  blood  of  the,  204 
Spleen  pulp,  232,  234 
Splitting  processes  in  general,  1,  2,  9.    See 

also  the  various  enzymes. 
Spongin,  26,  65,  66 
Sputum,  615 
Sputum  mucin,  52 
Starch,  103 
Starch,  calorific  value  of,  625 

,  hydrolytic  cleavage  by  intestinal 

juice,  312 
,  hydrolytic  cleavage  by  pancreatic 

juice,  325 
,  hydrolytic  cleavage  by  saliva,  290 
Starch  cellulose,  104 
Starch  granulose,  104 
Starvation,  action  on  the  blood,  206,  632 
,  action  on  the  urine,  337,  467, 

501,507 
,  action  on  the  elimination  of 

indican,  337,  507 
,  action  on  the  elimination  of 

oxalic  acid,  498 
,  action  on  the  secretion  of  bile, 

260 
,  action    on   the   secretion   of 

pancreatic  juice,  321 
,  action  on  the  elimination  of 

phenol,  337 
,  action    on    metabolism,  621, 

622,628—633 
,  death  from,  628 
Starvation  cures,  665,  666 
Steapein,  325 
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Stearic  acid,  110 
Stearin,  110 

.  absorption  of,  354 
Stentorin,  blue,  593 
Stercoblin,  270,  342,  514 

i.  K-orin,  284 
Stethal,  115 

Stokes's  reduction  fluid,  170 
Stokvis'  reaction  for  bile- pigments,  560 
Stomach,  importance  in  digestion,  310, 311 
,  relation  to  intestinal  putrefac- 
tion, 311,  340 
,  auto-digestion  of,  312 
,  digestion  in  the,  308—313 
Stomachic  glands,  295 
Streptococcus,  behavior  with  gastric  juice, 

312 
Stroma  fibrin,  163 
Stroma  of  the  blood-corpuscles,  163 

of  the  -muscles,  380 
Strontium  salts  and  blood  coagulation,  143 
Struma  cystica,  235 

Strychnine,  passage  of,  into  the  urine,  547 
Sturgeon,  sperms  of,  47 
Sturm,  47.  48,  80 
Sublingual  glands,  286 
Sublingual  saliva,  288 
Submaxillary  glands,  286 
Submaxillary  mucin,  52,  53 
Submaxillary  saliva,  287 
Succinic  acid  in  putrefaction,  21 

in  the  fermentation  of  milk, 

438 
in  the  intestine,  334 
in  the  spleen,  232 
in  transudates,  220,  223 
in  the  thyroid  glands,  234 
in  the  animal  body,  539 
,  passage  of  .into  the  urine,  521 
,  passage  of , into  the  sweat,596 
Sugar,  relation  to  work,  396,  401 

,  formation  from  fats,  253,  401 
,  formation  from  peptones,  263 
Sugar  formation,  in  the  liver,  250—259 

after   pancreas   extirpa- 
tion, 258 
Sugar,  behavior  on  subcutaneous  injection, 
250 
,  behavior  to  blood-corpuscles,  188 
See  also  various  kinds  of  sugar. 
Sugar  teats  in  the  urine,  501 — 570 
Sulphiemoglobin,  174 
Sulphocyanides  in  the  urine,  523 

in  the  saliva,  288,  290 
Sulphonal  intoxication,  urine  in.  179,  556 
Sul phonic  acids,  behavior  in  the  animal 

body,  540 
Sulphur,  of  proteids.    18.   20.     See  also 
various  proteids. 
in  the  urine.  398,  523 
,  elimination  of,  in  activity,  398 
,  elimination  of,  with  lark  of  oxy- 
gen, 523 
,  neutral    and    acid    sulphur    in 
urine,  523 


un    in, 


Sulphur,  behavior  in  the  organism,  523, 
^  540 

Sulphur  metbs'moglobin,  174 
Sulphuretted  hydrogen  in  putrefaction  in 
t  the  intestine,  334, 

336 
in  the  urine,  524 
Sulphuric  acid,  ethereal,  and  sulpliat*  in 
the  urine,  503.  504,  532 
,  elimination  of,  in  aetivitr, 

398 
,  elimination     of,     by    the 

urine,  463,  532 
,  elimination     of,     by    the 

sweat,  596 
,  estimation  of,  532 
,  relation  to  elimination  of 
nitrogen,  398.  523.  532 
,  action  on  pepsin  digestion, 
302 
Suprarenal  capsule,  236.  237,  278 
Suprarenin.  237.     See  also  Adrenalin. 
Sweat,  594—597 

Swimming-bladders  of  fishes,  gases  of,  613 
,  guanine    in 
133 
Sympathetic  saliva,  287 
Syn proteose,  43 
Synovial  fluid,  225 
Synovin,  225 
Synthesis,  1,  2 

of  ethereal  sulphuric  acids,  334, 

503,  507,  510,  545 
of  proteid,  25 
of  conjugated  glucuronic  acids, 

505,  509.522,  541,546 
of  uric  acid,  4*4 ,  488 
of  urea,  467,  470,  471 
of  hippuric  acid,  2,  14,  500 
of  varieties  of  sugars,  85, 92 
of  polypeptides,  25 
Syntonin.  36,  80,  380 

,  calorific  value  of,  625,  626 

Tagatoee,  87 

Talonic  acid,  98 

Talose.  87,  98 

Tapeworm  cysts,  225 

Tannic  acid,  tahavior  in  the  animal  bodv, 

545 
Tartar,  294 

Tartaric  acid,  relation  to  glycogen  forma- 
tion, 248 
,  passage  of,  into  sweat,  596 
,  behavior  in  the  animal  body, 
539 
Tatalbumin,  429 
Taurin.  76,  77.  265.  280 

,  behavior  in  the  animal  body,  540 
Taurocarbamic  acid,  540 
Taurocholic  acid,  262,  265 

,  quantity  in  various  biles, 

276 
,  occurrence  in  meconium, 
343 
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Taurocholio  acid,  decomposition  in  the  in- 
testine, 337 
,  proteid-precipitating  ao- 
tion,  30,  554 
Tea,  action  on  metabolism,  652 
Tears,  418 
Teeth,  369 

Teichmann's  crystals,  178,  556 
Tendon  mucin,  52 
Tendon  mucoid,  35S 
Tendon  synovia,  225 

Tension  of  the  CO,  in  the  blood,  610—613 
in  the  tissues,  612 
in  the  lymph,  212 
O  in    the    blood,    604— 
610 
Terpen-glucuronic  acid,  546 
Terpentine,  action  of,  on  the  secretion  of 
bile,  261 
,  action  of,  on  the  urine,  547 
,  behavior  in  the  animal  body, 
522,546 
Tetronerythrin,  184,  592 
Testis,  419 
Tetroses,  84 
Theobromine,  131 

,  behavior    in    the    animal 
body,  494 
Theophylline,  131 

,  behavior  in  the  animal  body, 
494 
Thioalcohola,  behavior  in  the  animal  body, 

540 
Thioglycolic  acid,  58 

,  behavior  in  the  animal 
body  540 
Thiolactic  acid,  20,  24,  58,  76 
Thiophene,  545 
Thiophenic  acid,  545 
Thiophenuric  acid,  545 
Thrombin,  13,  146,  147, 192—196,  228 
Thrombosin,  193 
Thymin,  127,  138 
Thymic  acid,  128 
Thymonucleic  acid,  127,  128,  129 
Thymus,  229 
Thyreoglobulin,  234,  236 
Thyreoproteid,  236 
Thyreotoxalbumin,  236 
Thyroid  gland,  234—236 
Thyroiodin.     See  Iodothyrin. 
Tissue-fibrinogen,  118,  231 
Tissue  proteids,  641,  642 
Tollen's  reaction  for  pentoses,  90 
Toluene,  behavior  in  the  animal  body, 

500,  542 
Toluric  acid,  543 

Toluylendiamine,  poisoning  with,  281 
Toluic  acid,  543 

Tonus,  chemical  of  the  muscle,  395 
Tooth  tissue,  369 
Tortoise,  bones  of,  366 
Tortoise-sheli,  57,  593 
Toxalbumins,  behavior  with  gastric  juice, 
312 


Toxins,  17,  156,  239 
Tracheal  cartilage,  58 
Transudates,  217—226,  604 
Tribromacetic  acid,  23 
Tribromaminobenzoic  acid,  23 
Tricalcium  casein,  441 
Trichloracetic  acid  as  reagent,  30,  33 
Trichlorethyl-glucuronic  acid.     See  Uro- 

chloralic  acid. 
Triolein,  111 
Trioses,  84 
Tripalmitin,  111 
Triple  phosphate  in    urinary    sediments, 

in  urinary  calculi,  584, 
535 
Tristearin,  110 
Triticonucleic  acid,  127,  129 
Trommer's  test  for  sugar,  94,  561 

,  behavior    with 

uric  acid,  491 
,  behavior     with 
creatinine,  482 
Tropics,  metabolism  in  inhabitants  of,  659 
Trypsin,  155,  326,  327 

,  action  on  proteids,  327 
,  action  on  other  substances,  329 
Trypsin  digestion,  327 

,  products  of,  329 
,  action  on  peptides,  330, 
348 
Trypsin  peptone,  41 
Trypsin  zymogen,  321,  327 
Tryptophan,  21,  24,  41,  82,  299 
Tubo-ovarial  cysts,  435 
Tunicin,  539 
Turacin,  592 
Turacoverdin,  592 
Tyrosin,  24,  43,  48,  53,  72,  73 
,  in  urine,  579 
,  in  sediments,  533 
,  detection  of,  73,  579 
,  origin  of,  22,  72,  334 
,  behavior    in    putrefaction,    334, 

501,503 
,  behavior  in  the  animal  body,  512, 
542 
Tyrosinases,  8,  73,  592 
Tyrosin-eulphuric  acid,  73 

Uffelmann'8  reaction  for  lactic  acid,  314 
Umikoffs  reaction,  453 
Uracil,  127,  129,  137,  231 
Uraemia,  bile  in,  277 

,  gastric  contents  in,  313 
,  sweat  in,  596 
Uraminobenzoic  acid,  544 
Urates,  491 

,  in  sediments,  462,  580, 
Urea,  467 

,  elimination  in  starvation,  467,  633 
,  elimination  in  children,  468,  654 
,  elimination  in  disease,  468,  472,  473, 

534 
,  properties  and  reactions,  473 
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Urea,  formation  and  origin,  469 — 473,  534 
,  quantitative  estimation,  475 — 4*>0 
,  synthesis,  467.  469—472 
occurrence  in  the  blood,  156,  202, 
204,  467 
,  occurrence  in  the  bile,  262,  274,  467 
,  occurrence  in  the  liver,  467,  470 
,  occurrence  in  the  muscles,  383,  467 
,  occurrence  in  transudates,  220 
Urea  nitrate,  474 
"Urea  oxalate,  474 
Urcids,  21.  184,  499 
Ureb,  4S0 
Urethan.    See  Carbamtc  acid  etbvl-ester, 

480 
Uric  acid,  131,  484 

,  elimination  in  disease,  486,  487 
,  elimination  after  feeding  with 

nuclein,  486 
,  relation  to  urea,  484,  489 
,  properties  and  reactions,  490 — 

492 
,  formation  in  the  animal  body, 

486-^190 
,  quantitative  estimation,  492 — 

494 
,  syntheses  of,  489 
,  behavior  in  the  animal  body,  489 
,  occurrence  of ,  485 
,  occurrence  of .  in  sweat,  596 
,  occurrence  of ,  in  sediments,  462, 
491,  582 
Uric-acid  calculi,  584 
Urinary  calculi,  584—587 
Urinary  pigments,  514 — 521 

,  medicinal,  547,  560 
Urinarv  sand,  584 
Urinary  sediments,  462,  581—584 
Urine,  461—587 

,  excretion  of,  536 

,  inorganic  constituents  of,  526 — 536 

,  poisonous  constituents  of,  526 

,  organic    pathological    constituents 

of,  547—580 
,  physiological  constituents  of,  467 — 

526 
,  enzymes  of,  525 
,  casual  constituents  of,  538 — 547 
t  color  of,  463,  514,  537,  547,  554— 

557,  558,  561 
,  solids,  calculation  of.  537 
,  quantity  of  solids,  538 
,  alkaline  fermentation  of,  581 
,  acid  fermentation  of,  581 
,  gases  of,  536 
,  quantity  of,  536-^-538 
,  physical  properties  of.  462 — 467 
,  osmotic  pressure  of,  465 
,  physico-chemical  analysis  of,  538 
,  reaction  of,  463 — i65 
,  acidity  of,  463.  464 
,  estimation  of  acidity,  464 
,  specific  gravity  of,  466,  537 
,  passage  of  foreign  bodies  into,  538 
—547 


Urine,  reducing  power  of,  521 

,  composition  of,  538 
Urine  indican,  507 
Urine  indigo,  507,  514 
Urine  poison,  526 
Urine  purins,  endogenous  and  exocenoo* 

487 
Urine  sugar.     See  Dextrose. 
Lrinometer,  468 
Urobilin,  514,  515—520 

,  relation  to  bilirubin,  270.  280. 

516 
,  relation  to  choletelin,  516 
,  relation  to  hmmatin,  280,  516 
,  relation     to     haroatoporphyrtD. 

180,  516 
,  relation  to  hydrobilirubin,  280, 
517 
Urobilin  icterus,  517 
Urobilinogen,  514,  518 
Urobilinoid  bodies,  516 
Urocarnic  acid,  526 
Urochloralic  acid.  99,  541 
Urochrome,  514,  515 
Urocyanin,  514 
Uroerythrin,  514,  520 
Uroferric  acid,  525 

in  urine,  523 
Urofuscohccraatin,  557 
UrogJaucin,  514 
Urohsematin,  514 
Urobodin,  514 
Uroleucic  acid,  511,  513 
Uromelanins.  514 
Uronitrotoluolic  acid,  546 
Uropluein,  514 
Uroprotic  acid,  524 
Urorubin.  514 
Urorubrolurmatin.  557 
Urorosein,  514,  557 
Urospectrin,  556 
Urostcalith,  586 
Urotheobromine,  495 
Urotoxic  coefficient,  526 
Uroxanthine.  507 
Uroxonie  acid,  485 
Ursocholeic  acid,  268 
Uterine  milk,  435 
Uterus  colloid,  425 

Utilization  of  the  various  foodstuffs,  348, 
354,  659 

Valerianic  acid,  21 

Vegetable   acids,   behavior  of  the  alkali 

salts  of,  in  body,  464 
Vegetable  gums,  105,  106 
Vegetable  mucilages,  105,  106 
Vegetarians,  food  of,  648,  661 

,  excrement  from,  341 
Vernix  easeosa,  283,  593 
Vesicatory  blisters,  224 
Vesicle  calculi,  5S4 
Vesiculosa,  420 
Visual  purple,  414,  415 
Visual  red,  414 
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Vitali's  pus-blood  teat,  565 
Vitellin,  26 

in  yolk  of  egg,  426 

in  protoplasm,  118 
Vitellolutein,  428 
Vitellorubin,  428 
Vitelloses,  39 
Vitreous  humor,  416 

Water,  drinking  of,  action  in  the  elimina- 
tion   of    chlorides, 
•     527 

,  action  on  the  elimina- 
tion of  uric  acid,  486 
,  action  on  the  elimina- 
tion of  urea,  655 
,  action  on  the  deposi- 
tion of  fat,  655 
,  action  on  the  excre- 
tion of  urine,  536 
,  elimination  of,  by  the  urine,  536 — 

53S,  618 
,  elimination  of,  by  the  skin,  594, 618 
,  elimination  of,  in  starvation,  631 
,  elimination  of,  importance  for  the 

animal  body,  633 
,  elimination  of,  quantity  of,  in  the 

various  organs,  633 
,  elimination,  lack  of,  in  the  food, 
633 
Wax,  113 

in  plants,  593 
Weidel's  xanthine  reaction,  133 
Weyl's  reaction  for  creatinine,  482 
Wheat  bread,  absorption  of,  351 
Whey,  438,  449 
Whey  proteid,  442 
White  of  egg,  429 

,  calorific  value  of,  625 
,  absorption  of,  345 
Witch's  milk,  455 
Woman's  milk.     See  Human  milk. 
Wool-fat,  285,  594 

Work,  action     on     the     elimination     of 
chlorine,  527 
,  action  on  the  elimination  of  phos- 
phoric acid,  530 


Work,  action  on  the  elimination  of  sur- 
phur,  398 
,  action  on  the  excretion  of  nitro- 
gen, 398 
,  action   on   the   necessity  for  food, 

663 
,  action  on  metabolism,  394—402, 
655—657 
Worm-Mailer's  sugar  test,  562 

Xanthine,  131,  132 

in  the  urine,  494 
in  urinary  calculi,  586 
in  urinary  sediments,  583 
,  detection  and  quantitative  esti- 
mation, 136,  137,  496 
Xanthine  bodies.     See  Nuclein  bases. 
Xanthine  calculi,  586 
Xantho-creatinine,  386,  398,  484 
Xantho melanin,  23 
Xanthophan,  416 
Xanthoproteic  reaction,  31 
Xylene,  behavior  in  the  animal  body,  543 
Xyloses,  91,  107 

,  relation    to    the    formation    of 
glycogen,  89,  247 

Yeast-cells,  relation  to  fermentation,  10, 

11 
Yeast  maltose,  1$ 
Yeast  nucleic  acid,  127, 129 
Yeast  nuclein,  125 
Yolk  of  the  hen's  egg,  428,  429 
Yolk-spherules,  426,  433 

Zein,  19 

Zinc  in  the  bile,  274 
in  the  liver,  244 
,  passage  of,  into  milk,  459 
Zooetythrin,  592 
Zoofulvin,  592 
Zooid,  162 
Zoorubin,  592 
Zymase  from  beer-yeast,  11 

in  pancreas,  331 
Zymogens.  11.     See  various  enzymes. 
Zymoplastic  substances,  192,  196 
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Btockbridge's  Rocks  and  Soils 8vo,  a  s* 

•  Tillman's  Elementary  Lessons  in  Heat Bto.  t  9* 

•  Descriptive  General  Chemistry 8vo,  3  •» 

Treadwell's  Qualitative  Analysis.     (Han.) 8ro,  3  so 

Quantitative  Analysis.     (HalL) Sro, 

Turneaure  and  Russell's  Public  Water-supplies .  .  8to. 

Van  Deventer's  Physical  Chemistry  for  Beginners.     ( Boltwood.) iamo. 

•  Walke's  Lectures  on  Explosives.  8vo,  4  00 

Washington's  Manual  of  the  Chemical  Analysis  of  Rocks.     (In  prem.) 
Wasaertuann's  Immune  Sera:  Hemolysins,  Cytotoxins,  and  Precipitins.     (Bol- 

duan    .  , ....    iamo,  1   00 

Wells's  Laboratory  Guide  in  Qualitative  Chemical  Analysis. 8vo,  1  50 

Short  Course  in  Inorganic  Qualitative  Chemical  Analysis  for  Engineering 

Students lassso,  1  5a 

Whipple's  Microscopy  of  Drinking-water. 8»o.  3  so 

Wiechmann's  Sugar  Analysis Small  8vo.  a   s* 

Wilson's  Cyanide  Processes. iamo,  1  so 

Chlorinatlon  Process iamo  1   5* 

Wulling'a  Elemenury  Course  In  Inorganic  Pharmaceutical  and  Medical  Chem- 
istry  iamo,  a  ao 

CIVIL   ENGIREERIHG. 
BRIDGES  ARD    ROOFS.      HYDRAULICS.      MATERIALS   OF    BrVGIREBRIM 

RAILWAY    KHG1HEBRIH0. 

Baker's  Engineers'  Surveying  Instruments lamr,  3  «a 

BUby'i  Graphical  Computing  Table Paper  lOtXaai  inches.        as 

••  Burr's  Ancient  and  Modern  Engineering  and  the  Isthmian  Canal     (Postage, 

37  cents  additional. ) 8vo.net,  3  so 

Comatock's  Field  Astronomy  for  Engineers. 8ro,  a  50 

Davis's  Elevation  and  Stsdia  Tables .  8vo.  t  00 

Elliott's  Engineering  for  Land  Drainage iamo,  1   so 

Practical  Farm  Drainage tamo,  1  a* 

Folwcll's  Sewerage.     (Designing  and  Maintenance.) 8vo,  3  aw 

Frei tag's  Architectural  Engineering,     ad  Edition  Rewritten. .' tro,  3  ga 

a 


00 


ssj 


Macrirnaa't  Text-book  on  the  Martrsnics  af  Materials. .  •*©.  4  as 

Srraagto  of  Materials. iraso,  i  aa 

MateaJTs Sts*L    A  Kiml for  S(c*«-atn  :*ao.  a  ao 

Pittoa's  Practical  TrMtJM  on  Foundations.  .  .  Sao.  S  •» 

Rkie j "»  Bankbook  for  Building  Soperixttjeadcats  of  Oisaahsalaiii     (/•  areas  ■) 

Rockwell's  Roedi  and  Pa remeaa  in  Franc*  ixxao,  1   as 

Santa's  Industrial  sad  Artistic  Tscioology  of  Paiaxt  aad  Tarassh »wo.  J  00 

Smith's  Materials  of  Mschltiss  I  rax>,  1  ©o 

Snow's  Priaci pal  Species  of  Wood.  8ro.  ]jt 

gaabftag's  HydrsnBc  Cement.  irmo.  1  aa 

Text-book  on  Roads  and  Pavssaants  :jso.  a  44) 

Tsjkir  and  Thompson's  Treatise  on  Concrete.  Plate  aad  Reinforced.      (/» 

Thorstoa's  Materials  of  Maglnssrlin     j  Parte.  Irs.  8  00 

Part  L— Eon-msteasc  Materials  of  iTnginssrtwg  and  Matattwrgy tr»,  a  aa 

Pert  n.— Iron  and  Steal *to.  3  5" 

Part  III.— A  Treats*  on  Biiiii,  Dismiss,  sad  Other  Aanys  and  their 

Coeactrasnss  .  trs,  a  ga 

Taunton's  Text-book  of  the  Materials  ol  Coastractioa  frro.  3  ** 

TUsoa's  Street  Psvaxocsts  and  Paring  Materials too.    4  •* 

WaddelTt  D«  PontiVas.     ( A  Pocket-book  for  Brides  lsgaaacrs.).   xaraa.  mar.    •  «• 

Spar 'aVartoai  lot  ■teal  aaidgas .    .  isxao,    t  as 

Wood's  TresrJss  an  the  Rssaraace  of  Materials,  sad  aa  Asa  rants  oa  tba  Pus 

erration  of  Timber two.    a  44) 

Pcm*» ts  of  Aaarjtkal  Mechanics. .  Saa.  j  aa 

Wood's  Rust  lass  Coatings:  Corrosion  and  Ekcfrotyais  of  Iraa  aad  Steal. .  .Sao.    4  aa 

RAILWAY  EHGIJTEERISG. 

Andrews's  Handbook  for  Street  Railway  Engineers.     3X5  techas.   saoracco.  t  as 

Barf**  Buildings  aad  Structures  of  American  Railroads                                   *te.  5  *• 

Brooks's  Handbook  of  Scrset  Railroad  Location 1 6rso  morocco.  1  s* 

Butts's  aril  Engineer's  Field-look                                           .  lasaa,  saaraata,  a  aa 

CraoaaJTs  Transition  Caxra 1600,  taorocco,  1  ja 

Railway  sad  Othar  Xanfework  Tabls*                                                    Iro.  is* 

Dawson's  "Fafjass  ring**  aad  Electric  Traction  PocheC-book.    larao,  morocco,  3  «o 

Dredgs's  History  of  lbs  Panasjlsaiiis  Railroad:  (iSTfV.                      '  sp*r.  5  «• 

*  Drinker**  Taaaslag.  ExyJosrre  Compounds, aad  Rock  Drills,  *to.  half  aaar..  13  aa 
Fkaer*iTsbl*af  Cubic  Yard*.  Cardboard  as 
Godwin's  Railroad  Rngiaears*  FisM  book  aad  ttptowi'  Guide. .       ioqm.sioi 

Howards  Transiuoa  Carrs  Flsld-aoak  1 6ax>.  moroca< 

Baason*s  Tsbtes  for  Calcalsrlag  the  Cable  Coo  tea  si  af  bcasatkas  aad  Kbv 

aaakaaents  a«< 

Maltor  aad  Beard's  Msaaal  far  Ri  ill  ill  fngiaaars  rasa, 

Eagle's  Fsrid  Maaaal  foe  Railroad  Ingisssrs  .  .. .  iteaa.  aaaracrc 

PfcUarick's  Field  Manual  for  Engineers .   tacaa,  aaarascc 

•aarka's  Field  aavxacering .  iteao.  ssintu 

Baflroad  Spiral iteao.  saaasaw 

Taylor's  Pi  mu  i  as!  Fomsaka  aad  Earthwork Ira.    1  as 

•  Txnarwiae's  Method  af  Catenating  the  Caaic  Caatew  af  Baraeatiuaa  aad 

taiasakraantebT  ths  Aid  of  Diagraras. Sao.    a  aa 

The  Fkld  Practtea  af  Laying    Oat    Ckcatex    Caraas   far   BaOreaai 

1  irao.  avorwece 

Craw  ssfttea  Soaet  

Webbs  Railroad  CaoacnsctJaa.     «4  TalHoa.  Rrwrittea iter-  saaracc* 

WsOsagtsn's  Scaaoark  Thaary  af  ths  Lacattoa  of  RaOvays Ssmafl  ■« 


DRAWCTG. 


Barfs  Daaasaika  af  Mscbisary. 
•  Bartlerfs  Bsshaairsl  Dravtag. 


Coolidga's  Manual  of  Drawing 8vo.  paper,  I   oo 

Cootidge  and  Freeman's  Elements  of  General  Drafting  fox  M*rhanlr*l  Engi- 
neers,    (/n  pr«a*  ) 

Durlev'a  Kinematics  of  Machines .  8vo,  4  00 

Hill's  Text-book  on  Shade*  and  Shadow*,  and  Perspective 8vo.  a  00 

Jamison's  Element*  of  Mechanical  Drawing,     ijn  pr*u.) 
Jones's  Machin*  Design : 

Pmrt  I.—  Kinematic*  nf  Machinery . ...             .        .                         8*0,  I   so 

Part  II.  — Form.  Strength,  and  Proportion*  of  Part* 8vo,  3  00 

MacCnrd'*  Elements  of  Descriptive  Geometry              8*0.  300 

Kinematics;   or.  Practical  Mechaniara 8vo,  500 

Mechanical  Drawing 4to.  400 

Velocity  Diagrams  8vo.    1   5» 

*  Mahan's  Descriptive  Geometry  and  Stone-cutting 8to.  i   50 

Indoatrial  Drawing.    (Thompson.) 8vo.  3  50 

Mojrer's  Descriptive  Geometry.     (In  pre**.) 

Read's  Topographical  Drawing  and  Sketching' ato.  5  00 

Raid's  Course  In  Mechanical  Drawing .8vo,  a  00 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design.  .8vo.  3  00 

Robinson's  Principles  of  Mechanism. 8vo,  3  00 

Smith's  Manual  of  Topographical  Drawing.     (McMillan.). 8vo,  a  50 

Warren's  Elements  of  Plane  and  Solid  Free-band  Geometrical  Drawing. .  tamo.  1  00 

Drafting  Instrument*  and  Operation* urao,  1   15 

Manual  of  Elementary  Projection  Drawing. umo.  t  50 

Manual  of  Elementary  Problems  in  the  Linear  Perspective  of  Form  and 

Shadow nmo,  z  00 

Plane  Problems  In  Elementary  Geometry tamo,  t  as 

Primary  Geometry                                                lamo,  75 

Elements  of  Descriptive  Geometry.  Shadows,  and  Perspective 8»o.  3  50 

General  Problems  of  Shades  and  Shadows 8to,  3  00 

Elements  of  Machine  Construction  and  Drawing'. 8vo.  7  so 

Problems.  Theorems,  and  Examples  In  Descriptive  Geometnr 8*0,  a  so 

Weisbach'*   Kinematic*  and   the   Power  of  Transmission.       (Hermann  and 

Klein.)   8vo,  5  00 

Wfcelpley's  Practical  Instruction  In  ths  Art  of  Latter  Engraving umo,  a  00 

Wilson's  Topographic  Surveying Bvo,  3  50 

Free-hand  Perspective Bvo,  a  50 

Free-hand  Lettering 8vo,  1   oa> 

WooU'a  Elementary  Course  in  Descriptive  Geometry Large  8vo,  3  00 

ELECTRICITY  AND   PHYSICS. 

Anthony  and  Bracken's  Text-book  of  Physica.     (Magi*.) Small  8vo.  3  00 

Anthony'*  Lecture-note*  on  the  Theory  of  Electrical  Measurement  1 umo,  t  00 

Benjamin's  History  of  Electricity 8vo.  3  00 

Voltaic  CelL .  .                                                                        8vo,  300 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.    (Boltwood.).  .8vo,  3  00 

Crehore  and  Souier's  Polarising  Photo-chronograph Bvo,  3  00 

Dawson'*  "Enaineering"  and   Electric  Traction  Pocket-book. .  i6mo,  morocco.  5  00 
Dolazalek't    Theory  of    the    Lead    Accumulator    (Storage    Battery).     (Von 

Ende  i urao. "a  50 

Du hem's  Thermodynamic*  and  Chemistry.     (Burgesa. )                      8vo,  4   00 

Flatber't  Dynamometers,  and  tbe  Measurement  of  Power lamo,  3  00 

Gilbert's  De  Magnete.      (Mottelay.). 8vo.  a  SO 

Han  chert's  Alternating  Currents  Explained. .umn,  1  00 

Hering's  Ready  Reference  Tables  (Conversion  Factors) i6mo,  morocco,  a  50 

Holman's  Precision  of  Measurement*      ......                                                    8vo.  a  OO 

Telescopic  Mirror-Kale  Method.  Adjustments,  and  TaaU. Large  Bvo,  75 

9 


Lsidaaer't  Spectrum  Analysis.    (Tingle.) .  Bv*.    j   o*> 

LeChatelier's  High-temperature  Measurements.  (Boodousrd — Burgees,  liaroo.    3   00 
LoVe  Electrorysk  and  ElectrosynthesJs  of  Organic  Compound*.  (Lorenz.)  1  amo.    to* 

•  Lyon^'i  Tree  tie*  on  Electromagnetic  Phenomena.    Voav,  I.  and  II.  Bro,  ee.cn,    6  00 

•  Michie.     Element*  of  Ware  Motion  Relating  to  Sound  and  Light. 8ro.    4  «* 

Htaodet'i  Elementary  Treatise  on  Electric  Batteries.     (Flsboack.)   one,    a  s* 

•  Rosenberg's  Electrical  Engineering.    (Ha Wane  Gee  —  Kinsbrunner.) 8ro.    1    50 

Ryaa.  "orris,  and  Hoxie's  Electrical  Machinery.     Vol.  L Sr©.  1  a* 

Tburatoo't  Stationary  Steam -engine* 8to,    a   50 

•  TUlman'i  Elementary  Leeeont  in  Heal. 8*0.    1   f*» 

Tory  »"d  Pitcher*!  Manual  of  Laboratory  Physic*  Small  Bro,    a  ee 

TJIka't  Modern  Electrolytic  Copper  Re  Bo  leg 8eo,    a  — 

LAW. 

•  Deris*!  Elements  of  Law 8*0,    a  $e 

■  TreatiM  on  the  Military  Law  of  United  Stale* Bfo,    7  o* 

•  Sheep,    y  so 

Manual  for  Courts-martial   i6mo,  morocco.  I   S» 

Walt'i  Engineering  and  Architectural  Jurisprudence Bro,  6  ee 

Sheep,  6  s* 
Law  of  Operation!  Preliminary  to  Construction  In  Engineering  and  Archi- 
tecture                                      8eo,  s  a* 

Sbeea,  %  jo 

Law  of  Contracts Bto,    3  as 

Wlnthrop's  Abridgment  of  Military  Law :  Jmo.    a  «a 

MA5UFACTDRES. 

Beraadou's  Smokeleaa   Powder— Hitro-celluloee  and  Theory  of  the  CeUnloaa 

Molecule tamo,  a  s« 

BoOand's  Iron  Founder :>mo,  a  ye 

"  The  Iron  Pounder."  Supplement. tamo,  a  go 

Encyclopedia  of  FooadLng  and  Dictionary  of  Foundry  Terms  TJeed  in  the 

Practice  of  Moulding ismo,  30a 

Blaaler'a  Modern  High  Esplosirae 8*0.  4  oa 

■ff ront'a  Eorymea  and  tbch- AppUcarlons.    (Praacott.) 8*0,  j  oa 

Fitzgerald's  Boston  Machinist lSmo,  1   oa 

Ford's  Boiler  Making  for  Boiler  Makers iBmo.  1  oa 

Hopkins's  Uil -chemists'  Handbook . .  8ro,  3  oa 

Xetp't  Cast  Iron. .  Bro.  a  aa 

Leach's  The  Inspection  and  Analysis  at  Food  with  Special  Reference  to  State 

Control,     (in  prepurafieu.) 
Matthews's  The  Taztik  Fibre*,    (/a  press.) 

Matcalf's  SteeL     A  Manual  for  Steel-users                                                        umo.  a  aa 
Metcalfe's  Coat  of  Manufactures— And  the  Administration    of  Workshop*. 

Public  and  Private Bro,  90a 

Mayer's  Modern  Locomotive  Construction    sto.  ta  e* 

Morse's  Calculations  used  in  Cane-sugar  Factories. loeao.  morocca.  1  aa 

•  Reisig's  Guide  to  Piece-dyeing Bro,    at  oa) 

Sebin's  Industrial  and  Artistic  Technology  of  Painta  and  Vamiah Bro,  3  a*) 

Smith's  Press- working  of  Metals .8ro,  3  aa 

Spalding's  Hydraulic  Cement 1  imo,  a  ee 

Spencer's  Handbook  for  Chemists  of  Beet-sugar  Houses i6mo,  morocco,  3  ee 

Handbook  tor  auger  Manufacturers  ana  their  Chemists. .  .  i6ma,  morocco*    a  ee 
Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  ana  Reinforced.    (/*> 

press.) 
Tharstoo's  Manual  of  Steam-boilers,  their  Deaigoa.  Construction  and  Opera- 
tion....   See.    sea 
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•  Walke'e  Lectures  on  Explosives 8eo. 

West's  American  Foundry  Practice umo, 

M oulder*s  Tsxt-book umo. 

Wiedemann's  Sugar  Analysis Small  8ro, 

Wolff*t  Windmill  aa  a  Prima  Mover Bio, 

Woodbury's  Fire  Protection  of  Mill* 8to. 

Wood's  Rustless  Coatings:  Corroaion  and  Electrolysis  of  Iron  and  Steal   .  ■  8vo, 

MATHEMATICS. 

Baker's  Elliptic  Functions 8ro. 

•  Bass's  Elements  of  Differential  Calculus umo, 

Brigga's  Elements  of  Plane  Analytic  Geometry 1 100, 

Compton't  Manual  of  Logarithmic  Computations umo, 

Ditu'i  Introduction  to  the  Logic  of  Algebra 8ro, 

•  Dicktoa'i  Collece  Algebra   Large  tamo. 

•  Answers  to  Dickson's  College  Algebra 8*o,  paper, 

■       Introduction  to  the  Theory  of  Algebraic  Equations    Large   umo, 

Balsied's  Elements  of  Geometry    8to. 

Elementary  Synthetic  Geometry 8to 

Rational  Geometry umo. 

•  Johnson's  Three-place  Logarithmic  Tables:    Vest-pocket  site.    ..      paper, 

too  copies  lor 

•  Mounted  on  heavy  cardboard,  8  X  to  inches, 

10  copies  for 

Elementary  Treatise  on  the  Integral  Calculus Small  8vo, 

Carre  Tracing  In  Cartesian  Co-ordinates u  mo. 

Treatise  on  Ordinary  and  Partial  Differential  Equations Small  8to, 

Theory  of  Errors  and  the  Method  of  Least  Squares i  amo, 

•  Theoretical  Mechanics .  .  urao, 

Laplace's  Philosophical  Essay  on  Probabilities.     (Truacott  and  Emory.)   tamo, 

•  Ludlow  and  Bass.     Elements  of  Trigonometry  and  Logarithmic  and  Other 

Tables 8vo. 

Trigonometry  and  Tablet  published  separately Each, 

•  Ludlow's  Logarithmic  and  Trigonometric  Tables .  . .  .  .  8vo, 

Maurer'*  Technical  Mechanics.    8vo, 

Marriman  and  Woodward's  Higher  Mathematics 8to. 

Merriman's  Method  of  Least  Squares    8*0, 

Rice  and  Johnson's  Elementary  Treatise  00  the  Differential  Calculus.  Sm.,  8vo, 

Differential  and  Integral  Calculus.     1  to  Is.  in  one Small  8vo, 

Sabln's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish. 8vo, 

Wood's  Elements  of  Co-ordinate  Geometry 8to. 

Trigonometry ;  Analytical.  Plane,  and  Spherical umo, 

MECHANICAL    EUGIIfBBRJJIQ. 
MATERIALS  OP  EffGIlfEERTJIG,  STBAM-ERGIrTES  AitD  BOILERS. 

Bacon's  Forge  Practice umo, 

Baldwin's  Steam  Beating  for  Buildings 1  a  mo, 

Barr's  Kinematics  of  Machinery 8ro, 

•  Bertktt's  Mechanical  Drawing 8ro, 

•  ■  "        AbridgedEd. 8to. 

Benjamin's  Wrinkles  and  Recipes lamo, 

Carpenter's  Experimental  Engineering 8ro, 

Beating  and  Ventilating  Buildings 8ro, 

Cary's  Smoke  Suppression  In  Plants  using  Bituminous  CoaL     (/n  prep- 
aralion.) 

Clark's  Gas  and  Oil  Engine Small  8to , 

Coolidge's  Manual  of  Drawing 8*0,    paper, 
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Coolidge   anil  Freeman's   Elnmnn  of  General   Drafting   for   Mechanical   En- 
gineer*.     (In  pre**.) 

Cromwell's  treatise  on  Toothed  Gearing uao.  t  90 

Treatise  on  Berd  and  Puller* ...  nmo.  t  5» 

Dur  ley's  Kinematics  of  Machine* 8ro,  4  a* 

Flather**  Dynamometers  and  Um  Maaaurtmaat  of  Power  .  .                   ,1  ino,  3  00 

Rope  Drhring an.  3   00 

OUT*  Gss  «nd  Fuel  Analysis  for  Engineer* Ilfflo.  1    ;« 

Hail'*  Car  Lubrication.                                                                                          :  rno,  I   aw 

Hcring'i  Ready  Reference  Table*  fCoorenion  factor*' i6mo,  morocco,  a  50 

Button's  The  Gs*  Eoflne '■■  5   ©• 

Jones's  Machine  Design: 

Part    L  — Kinematic*  of  Machinery 8»o.  t   90 

Part  IL—  Form,  Strength,  and  Proportion*  of  Part*   .                            .   «.*©,  a  a* 

Keat'i  Mechanical  Engineer'*  Pocket-book .  i6mo,    morocco.  5  aw 

Kerr'i  Power  and  Power  Trsnsmission .  .8*0.  a  o*> 

Leonard'*  Machine  Shop*,  Tools,  and  Method*.     Un  prut.) 

MacCord'*  Kinematica.  or.  Practical  Mechanism                                 too,  5  *• 

Mechanical  Drawing                                                                                          mo.  4  ©• 

Velocity  Diagrams S»o.  t    30 

Mahan'i  Industrial  Drawing.    (Thompson) Ueo,  350 

Poole's  Calorific  Power  of  Fuels    .    .    .                                                                 Geo.  lew 

Raid's  Course  in  Mechanical  Drawing.    .                                                             B»o,  a  *w 

Te  it-book  of  Mechanical  Drawing  and  Elementary  Machine  Design     8*0.  300 

Richsnls't  Compressed  Air                                                                                  rsrao,  I   s» 

Robinson's  Principle*  of  Mechantam      ....                                                         8»o,  3  aw 
8chwamb  and  Merrill'*  Elements  of  Mechanism.     I  In  press.) 

Smith's  Press-working  of  Metals                                                                             Sr«\  3  est 
Thurston's  Treatise  on    Friction  and    Lost  Work    in    Machinery   and    Ki.l 

Work                                                                                                            eVro,  3  so 

Animal  as  a  Machine  and  Prima  Motor, and  the  Laws  ol  Energetic*,  tamo,  1  •• 

Warren's  Elements  of  Machine  Construction  and  Drawing                                   8*t>,  75a 
Wsksbach's  Kinematica  and  the  Power  ol  Transmission.      Htmnann — 

Klein.) Sfo.  s  00 

Machinery  of  Transmission  and  Goremor*.     (Herrmann — Klein. )     8*0.  5  00 

ilydrsul-ci  and  Hydraulic  Motors.     (Da  Boil.).                                    ..fro.  500 

Wolff's  Windmill  as  a  Prima  MoTer                                                                      Sen,  3  00 

Wood'*  Turbines                                  .  8*0.  a  «3* 

MATERIALS   OP  ENGINEER ITfG. 

BoTey's  Strength  of  Materials  and  Theory  of  Structure* 8*0.  7  jo 

Burr's  Elasticity  and  Rraistance  of  the  Materials  of  Engineering.     6th  Edition. 

Reaet 8*».  7  •* 

Church's  Mechanics  of  Engineering Sen,  6  4** 

Johnson'"  Material*  of  Construction Large  two.  6  o* 

Keep'*  Ca«t  Iron Bvo,  a  50 

Lanza'*  Applied  Mechanics 8eo.  7  5* 

Marten*'*  Handbook  00  Tasting  Materials.     (Banning  > . .                          8*0,  7  5* 

Merriman's  Test- book  on  the  Mechanics  of  Materials .......                         8eo,  4  00 

Strength  of  Materials                                                                                   lima,  1   00 

Metcatf*  SteeL     A  Manual  for  Steel-users                                                        Utno  a  o*> 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish    .    .   Svo.  j  00 

Smith's  Material*  of  Machine* 1  imc,  »   a* 

Thurston's  Materials  of  Engineering 3   rot*  •  Svo.  f  00 

Part    II.- Iron  and  Steel 8ro,  a  5* 

Put  III.     A  Treatise  on  Brasses.  Bronx**,  and  Other  Alloy*  god  their 

Constituents. 8*0  a  f*> 

Text-book  of  the  Materials  of  Construction. two,  f  aw 
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Wood'i  Treatise   on   the   Resistance  of  Materials  and  an   Appendix  on   the 

Preservation  of  Timber .  8to.    a  00 

Elements  of  An*lftk*l  Mechanic* . .  8vo,    3  00 

Wood'i  Rallies*  Coatings:  Corrosion  and  Electrolysis  of  Iron  snd  S'ceL .  .8vo.  4  00 


STEAM-EWGI1TES  AHD   BOILERS. 

Car-oof  •  Reflections  00  the  Motive  Power  of  Uul.     (Thurston. } 1  imo,    1   50 

Dswson's   "Engineering"*  «nd   Electric   Traction   Pocket-book.    t6mo.   mor  .    3  00 

Ford's  Boiler  Makinc  for  Boiler  Maker* i8mo.    1   00 

Goat's  Locomotive  Sparks   8ro.    a  00 

Bsmenway'*  Indicator  Practice  and  Steam-eog  tie  Economy irao,    1  00 

Hatton't  Mechanical  Engineering  of  Powac  Plants 8ro,    5  oC 

Heat  and  Beet-engines Bvo.    5  oe 

Kant'*  Steam-bo'ler  Economy Bvo,    4  00 

Kneass's  Practice  and  Theory  of  th*  Injector Bvo     1  so 

HacCord't  Slide-valve* Bvo.    a  00 

Merer't  Modern  Locomotive  Construction    4to      10  00 

Peabody'*  Manual  of  the  Steam-engine  Indicator tamo,    1   so 

Table*  of  the  Properties  of  Saturated  Steam  and  Other  Vapor* 8ro.    I  00 

Thermodynamic*  of  the  Steam-engine  and  Other  Uest-cngir.es Bto.    5  00 

Vslve-gesrs  for  Steam-engines 8td,    a  so 

Peabody  and  Miller'*  Steam-boilers 8vo,    4  oe 

Pray'*  Twenty  Year*  with  the  Indicator.  Large  iro.    a  so 

Pupln'*  Thermodynamics  of  RsTersible  Cycle*  In  Gaaea  and  Saturated  Vapor*. 

(Osterberg.) umo.   1  as 

Reagan'*  Locomotive*  :  Simple,  Compound,  and  Electric tuns,  a  s* 

Rontgen'*  Principle*  of  Thermodynamic*.     <Du  Bon.) 8»o.    5  00 

Sinclair's  Locomotive  Engine  Running  and  Management lamo,    a  00 

Smart'*  Handbook  of  Engineering  Laboratory  Practice tamo,    a  50 

a  Steam-boiler  Practice    8vo,    j  oe 

ler*«  Vslve-gears 8vo,    a  50 

Rotes  on  Thermodynamic*. tamo.    1  00 

Spangier,  Greene,  and  Marshall's  Elements  of  Steam-engineering    .....   8vo,    3  00 

Thurston**  Bandy  Table* 8vo.    t    5* 

Manual  of  the  Steam-engine ....    a  vole.   8ro,  10  o* 

Part  1.— History.  Structuce.  and  Theory 8vo,    6  00 

Part  H. — Design,  Construction,  and  Operation Bvo.    600 

Handbook  of  Engine  and  Boiler  Trials,  and  the  Use  of  the  Indicator  and 

the  Prony  Brake   .  8vo     so* 

Stationary  Steam-engines 8vo,    a  SO 

Steam-boiler  Explosion*  in  Theory  and  in  Practice 1  -no     1  so 

Manual ol  Steam-boiler*, Their  Designs,  Construction,  and  Operation  8vo,    5  oa 

Weisbsch"*  Heat.  Steam,  and  Steam-engines.     (Du  Boil.) Svo,    500 

Whitham's  Steam-engine  D.-sign   Bvo,    5  oe 

Wilson's  Treatise  on  Steam-boilers.     ( Flather.) 16010,    a  s* 

Wood's  Thermodynamic*   Heat  Moter*.  and  Refrigerating  Machines 8vo,    4  c-e 


MECHANICS    AICD   MACH15ERY. 

Barr**  Kinematics  of  Machinery .      8vo,  a  50 

Bovey'i  Strength  of  Material*  and  Theory  of  Structurrs Svo.  7  50 

Chase'*  The  An  of  Pattern-making   1  amo,  a   so 

Chordal. — Extracts  from  Letters 1 3 mo,  a  oe 

Church'!  Mechanics  of  Engineering 8vo,  6  00 

Kotos  and  Examples  in  Mechanic* Ivo,  a  o* 
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Compton'*  Fint  Lnhih  In  MetaJ- working 

Compton  and  De  Groodt'a  The  Speed  Lathe.  .  .  ijm, 

CromwtO't  Treatise  on  Toothed  Gearing i  amo. 

Treatise  on  Belts  and  Pulleys ......  ....    dim, 

Dana'i  Text-book  of  Elementary  Mechanic*  for  lb*  Dm  of  CoDagsa  and 
School*   .        .  .    i  amo. 

Dingey'*  Machinery  Pattern  Making i  amo, 

Dredge'*   Record   of   tb*   Transportation   Exhibits    Building   of   tht    World'* 
Columbian  Exposition  of  180.3 4:0,  half  morocco, 

Dn  Boli't  Elementary  Principles  of  Mechanic*: 

VoL     1. — Kinematics 8ts>, 

VoL    IL— Static* 8*0. 

Vol.  HL— Kinetics 8to, 

Mechsnies  of  Engineering.      VoL    I Small   410. 

VoL  IL BoaaO   4to.    1 

Duller**  Kinematics  of  Ma  chinos  8to. 

Flttrerald'i  Boston  Machinist i6mo, 

■"lather**  Dynamometer*,  and  the  Measurement  of  Power tamo, 

Rope  Driving      •  amo. 

Ooea't  Locomotive  Sparks 8vo 

Hall's  Car  Lubrica tion 1  amo. 

Hour's  Art  of  Saw  riling iSrao 

•  Johnson'*  Theoretical  Mechanics xamo. 

Statica  by  Graphic  and  Algebraic  Methods  8n>. 

Joooe's  Machine  Design: 

Part   I.— Kinematics  of  Machinery .  8*0. 

Part  IL— Form.  Strength,  and  Proportion*  of  Parti Sew, 

Kerr'*  Power  and  Power  Transmission. .  8vo. 

Lama 'a  Applied  Mechanics 8vo, 

Leonard  ■  Machine  Shops,  Took,  and  Methods.    Urn  pre**.) 

MacCord's  Kinematics;  or,  Practical  Mechanism 8»e>. 

Velocity  Diagram*  8vo. 

Msarer's  Technical  Mechanics. 8to, 

Mamma ii* ■  real-book  00  the  Mechanic*  of  Matarial* 8eo, 

•  Mlctue'*  Elements  of  Analytical  Mechanics It*, 

Reagan'*  Locomotives:  Simple,  Compound,  and  Electric una, 

Reid'i  Coarse  in  Mechanic*!  Drawing tee. 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design . .  Sen, 

Richards'*  Compressed  Air .1  amo, 

Robinson's  Principle*  of  Mechanism 8*0. 

Ryan,  "orris,  and  Hoxie's  Electrical  Machinery.     Vol.  1 8ro. 

Schwamb  and  Merrill's  Element*  of  Mechanism.    (In  prase.) 

Sinclair'*  Locomotive-engine  Running  and  Management jarao. 

Smith's  Praas-working  of  Metal* &rv, 

Matarial*  of  Machinea lamo. 

Spangler,  Greene,  and  Marshall'*  Elements  of  Steam -engineertsg 8to. 

Thurston's  Treatise  on   Friction  and  Lost  Work  in  Machinery  and  Mill 
Work Sto. 

Animal  as  a  Machine  and  Prime  Motor,  and  the  Law*  of  Energetics,  tamo, 
Warren's  Elements  of  Machine  Construction  and  Drawing  .  8ro. 

Wslsbach'*    Kinarnslfcr*    and    the  Power  of    Transmission.    (Herrmann 

"Klein.) 8va. 

Machinery  of  Transmission  and  Governors.     (Herrmann — Klein.). 8*0, 
Wood's  Elements  of  Analytical  Mechanics 8ro, 

Principles  of  Elementary  Mechanics 1  amo. 

Turbines Ire, 

The  World'*  Columbian  Exposition  of  180  j 410, 
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METALLURGY. 
Egleeton'i  Metallurgy  of  Silver,  Gold,  and  Mercury: 

VoL   L— Silver 8vo.  1  so 

VoL    H.— Gold  and  Mercury 8to,  J  jo 

•*■  Wi  Lead -smelting.     (Postage  9  cents  additional) iamo.  250 

Keep's  Cost  Iron 8vo,  a  50 

Kunhardt'e  Practice  of  Ore  Dreasing  (a  Europe 8vo.  1  SO 

LeChatelier's  High-temperature  Measurements.  (Boudouard— Burgess.),  umo,  3  00 

Metcalfe  SteeL     A  Manual  for  Steel- users iamo,  a  00 

Smith's  Material!  of  Machines umo.  1  00 

Thurston's  Material!  of  Engineering.     In  Three  Parts 8vo,  8  00 

Part   11.— Iron  and  Steal 8vo.  3  50 

Part  III. — A  Treettse  00  Brmaaea.  Bronxea,  and  Other  Alloy*  and  .tbeir 

Constitusnta 8vo.  a   50 

Ulke'e  Modern  Electrolytic  Copper  Refining- 8so.  3  00 

MINERALOGY. 

Barringer1!  Description  of  Minerals  of  Commercial  Value.     Oblong,  morocco,  a  so 

Boyd'a  Resources  of  Southwest  Virginia .  .                       8vo.  3  00 

Map  of  Southwest  Virginia Pocket-book  form,  a  so 

Brash's  Manual  of  Determinative  Mineralogy.     (Pi  not  Id.) 8to,  4  00 

Chester's  Catalogue  of  MLnerels Sto.  paper,  1  00 

Cloth,  t   as 

Dictionary  of  the  Karnes  of  Minerals 8ro.  3  so 

Dana's  System  of  Miners  logy .  Large  8vo,  half  leather,  1a  50 

First  Appendix  to  Dun's  Msw  "System  of  Mineralogy." Large  8vo.  t  00 

Text-book  of  Mineralogy 8vo,  4  00 

Minerals  and  Bow  to  Study  Them tamo.  1  90 

Catalogue  of  American  Localities  of  Minerals. . .                      Large  Bto,  i  00 

Mannal  of  Mineralogy  and  Petrography umo,  a  00 

Xakle's  Mineral  Tables. 8*0.  t  >j 

BgJsston'a  Catalogue  of  Minerals  and  Synonyms 8vo,  a  SO 

Hiisssk's  The  Determination  of  Rock-forming  Minerals.     (Smith.)  Small  8vo.  a  00 

Morrill's  Hon-oetaJuic  Minerals:  Their  Occurrence  and  Usee. 8to,  4  00 

■  Psnfiald's  Rotas  on  Determinative  Mineralogy  and  Record  of  Mineral  Tests. 

8to,  paper,  o  90 
Rosenbusch's    Microscopical   Physiography   of   ths   Rock-making    Minerals. 

(Iddings.) 8to,  s  00 

e  TUhnan's  Text- book  of  Important  MinsraJs  and  Docks 8  vo,  a  00 

Williams's  Manual  of  Lit  ho  logy 8to.  3  00 

MTRTrTG. 

Bsard's  Ventilation  of  Mines tamo,  a  90 

Boyd'a  Resources  of  Southwest  Virginia 8to,  3  00 

Map  of  Southwest  Virginia Pocket-book  form,  a  00 

■  Drinker's  Tunneling,  Explosive  Compounds,  and  Rock  Drills. 

4to,  half  morocco,  as  00 

Ikwler'i  Modern  High  Explosives _ 8vo,  4  00 

fowler's  Sewage  Works  Analyses tamo,  a  00 

voodysar's  Coal-mines  of  ths  Western  Const  of  ths  United  States xamo,  a  30 

ihlseog's  Manual  of  Mining 8to,  4  00 

••  ilea's  Lead-smelling.     (Postngs  oc  additional) iamo,  a  90 

Eunhardt'i  Practice  of  Or*  Dressing  In  Europe 8vo.  1  90 

O'Driscoiri  Ilotes  on  the  Treatment  of  Gold  Ores Bvo,  a  00 

e  WaJke's  Lectures  on  Explosives 8vo.  4  00 

Wilson's  Cyanide  Processes xamo,  s   90 

Chlorine tion  Process iamo,  1  90 

Hydraulic  and  Placer  Mining iamo,  a  00 

Treatise  on  Practical  and  Theoretical  Minn  Ventilation iamo  x   as 
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SAHTAfiY  SCIENCE. 


f*at^awd"a  Oaado  ta>  hate 

gilfciir»r..i..hiin<i)i*ii«<TwrtiAw  .  ,.J^ 

Baaaara  T— ■!■■  at  Pabte  Wim  wnlii 

UiO-i  Tb*  laaairftia  u4  AmU  of  Food  wfcb  Rpwdaj  Umaa  m 

Cl—  It     </»  pttpwtmm  ; 
■  ■■!■•■    Vtftf-«MlT.    (Ciialliril   PrbtcisaRr   *••   ■  Saairary    * 

■««**.)    jri  UUm.  ■■■■t»ni 
fiwfaartia  of  Waior.    rrtiflril  m4  Itcwtafei 
RWrriwa'a  tOammm  of  Sutary 
Mabab/a  Willi  t||lj-     (T i  nd|!M< 

lit  ■  In  Hi.)    (1M1.) 

ruMii  ixyiMto^ni— rw  ^wi 

M  fffry  Water  AaajTeia- 

•  Prlca'a  HuA»«k  a*  Seutrtatwa 
RfcAas  «**•  U*<  of  Food.    A  IWt  to  Palawan 

Com  of  Urb«  m  KotfMH  br  8ntaf7  OdMM  . 
RkAard*  and  Woodmao'a  Air,  Watar.  and  Foot 
•otat... 

*  Richard*  and  WUBema'a  Ta*  Dietary  C*  master tvo.    i   «• 

RJd**ri  9<«i|i  end  Bacterial  PsrttcatSoe  of  Sawafa Boa. 

ToiMMt  uf  KuMlh  Mk  W*tar-*K>I« frea. 

Whj»U'i  afJtroacooy  of  DrttUdaf-waiar Raw, 

Woo4faolT»  Hotea  and  Miltary  Briton*  racao. 

MISCELLANEOUS. 

Barker's  Deea-aea  Sowadinci  Sao. 

Bcamoae'a  CaoiofkaJ  (raide-boob  of  lb*  Rocky  Moostaia  Kmuatoa  of  tba 

International  Cooarvaa  of  Ooolociati Laxce  Baa 

Farrara  Popular  Traatlaa  on  tba  Wind*   8 to 

Balaae'a  Amorkan  Railway  Manaa-ameat  tarn*. 

■ott't  Comaoettkw.  DlfaettblltT. and  RotrrtiT*  Vaaaa  of  Food,    Mounted  than. 

Fallacy  of  too  W— lot  TbaofF  of  Soand .  torn* 

RUaatta'e  Hwtorr  of  Raaaaeam  Polytechnic  InatituU.  1814-1894.  Small  fro. 

Rataerham'a  KaaoaaUed  Raw  Taataaaaat Large  Sea, 

Bta*  r»  Traatia*  00  too  Dteeeaea  of  tba  Do* two. 

Totlen'a  Important  Quaatloo  to  alatr ology tVo 

Tba  World'*  Colombian  Baaoaittoo  ol  1803  4to, 

Too  Bebrtotra  Saapraeaioa  of  TabercaJoaia.     (Boldoan.)    {In  pnm.) 
Worcaaur  and  Atklnaoo.     Small  Boapttak.  EatabBabmaot  and  MalnUoaflca. 
and  Bocf  aationa  for  Hoapital  Arcbllactnra,  with  Plana  for  a  Small 
Hoapttal uiao,    t   aj 

HEBREW   AND  CBALDEE    TEXT-BOOKS. 

Oimd'i  Grammar  of  tba  Babraw  Language 8«o.    3  00 

Eiamaatarr  Babraw  Grammar 11  ma.    1  15 

llilnw  Car  oat  nine  thy    . §TO,    a  00 

OoaaoJwi'i  Babraw  and  ChaJdae  Leiicon  to  tba  Old  Taataaaaat  Scrfptaraa. 

{Tmtbaa) Small  *to,  baJ  aaotwaaa,    s  aw 

Lerlerta'a  Babraw  Blbla Be*.    i3 
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